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ABSTRACT 
BA KGROU D: En ironrnental toxic metal exposure is wel l  known to adversely 
affect chi ldren's development and behavior. To our knowledge, there are no studies 
that carefully examined this potential hazard in UAE and Gulf countries. 
OBJECTIVE : The aim of this case-control study was to determine blood 
concentrations of 1 2  heavy metals in school-age chi ldren in Al Ain City. The other 
aim as to correlate the blood levels with developmental (e .g . ,  learning disabil ity) 
and behavioral (e.g. Attention DeficitlHyperactivity Disorder) problems in children. 
IV 
JovfETHODS: One hundred and forty seven subjects (73 with developmental and/or 
beha ioral d isorders and 74 controls) participated in the study. The median age was 8 
years (range, S - 1 5) .  Raven's  Colored Progressive Matrices Scale was used to assess 
the I Q. Whole blood samples were drawn in trace element-free vacuum tubes. ICP­
MS instrument was used to determine the metal concentration. Data analysis was 
performed using the SPSS-PC software package, version I S .0 .  Logistic regression 
and independent samples [-test were used. Al l  statistical tests were performed at the 
S% significance level .  
RESUL TS: The blood level (mean±SD, n=1 46) of lead was 2S . 86±1 3 .06 ppb, 
cadmium 0 .3 1 ±0.2S ppb arsenic 1 0 . 74±4 .71 ppb, mercury 1.39±1 . 1 6  ppb, manganese 
1 . 8 5 ±1 .09 ppb, nickel 9.18±8.23 ppb zinc 373 1 ±1 7S2 ppb, chromium 2.10±l .S3 ppb, 
cobalt 0 .6S±0.40 ppb copper 1064±403 ppb, molybdenum l . S9±1.2S ppb, and 
antinomy 0.60±0 .63 ppb. Higher levels of blood concentrations of lead, cadmium, 
arsenic, manganese, nickel, zinc, copper and molybdenum were significantly 
associated with a higher risk of developmental/behavioral disorders (p-value < 0.0 1 ) ; 
best predictors were manganese and molybdenum. Higher blood concentrations of 
lead, cadmium, arsenic, manganese, nickel, copper and molybdenum were 
significantly  associated with a higher risk of learning disabil ity (p- value .:S 0.02); best 
predictor was molybdenum. An increase in blood concentrations of lead, manganese, 
zinc and copper was significantly associated with a higher risk of Attention Deficit! 
Hyperactivity Disorder (p-value < 0.02); best predictors were manganese and zinc. 
I ncreases in  blood concentrations of cadmium, arsenic, manganese, nickel, copper and 
molybdenum were significantly associated with a below average IQ (.:S 25th percenti le) 
(p- value < 0 .05) .  
I V  
v 
ssociations (p-value < 0.05) between increments in blood levels of certain heavy 
metals and Child Behavior Check List syndromes (anxiety, depression, withdrawn, 
somatization, social problems, thought problems, attention deficit, del inquency, 
aggression, internalization and externalization) were noted. For example, nickel (best 
predictor) copper and molybdenum were significantly higher in the children with 
aggresSlOn. 
CO eLUSIONS: The results show significant associations between heavy metal 
exposure and learning, developmental and behavioral problems in chi ldren. Even low 
Ie els of lead and other heavy metals can serve as potential risk factors for 
developmental and behavioral disorders. Surveil lance li nked to appropriate public 
health interventions is strongly reconunended for UAE. 
KEY WORDS: Children; heavy metals; development; behavior; attention deficit; 
hyperactivity; learning disabi l ity; IQ; Conner's Rating Scale; CBCL; Raven IQ test. 
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INTRODUCTION 
1 
1.0 INTRODUCTION 
Chi ldhood development is driven by complex biologic ,  social and environmental 
determinants. Brain growth begins early in embryonic life and continues throughout 
adolescence. During development, brain cells grow, migrate, differentiate, establish 
synaptic connections, and undergo necessary "program cell death" (apoptosis). These 
highly-ordered processes are control led by critical nutrients, neurotransmitters and 
hormones. Disruption of these events results in long-term consequences ( 1 ). 
The brain hemisphere has four lobes and each performs specific functions. The 
frontal lobe is responsible for language, motor function, judgment, problem solving, 
impulse control ,  reasoning and memory .  The temporal lobe is responsible for 
memory, hearing, perception and recognition. The parietal lobe is the principal 
integrator of sensory information, such as taste, pain and temperature. This site is 
also responsible for reading and arithmetic .  The occipital lobe is responsible for 
visual processing. 
The frontal lobe (termed "area of behavior") is critical for inte l l igence; its volume 
(grey matter) correlates (p-value < 0.05) with successful performance in tests 
involving multiple cognitive domains (2) .  Other studies have shown the importance 
of temporal lobe (termed "area of learning") structures (e .g . ,  hippocampus) in 
memory and learning (3). 
Various environmental and psychosocial factors (e.g. ,  heavy metal exposure, 
education, mental i l lness, anxiety, stress, poverty, minority status and family support) 
are also known to play a critical role in the development, behavior and intel l igence of 
chi ldren (4, 5 , 6 7). 
1.1. Behavioral and developmenta l  d isorders 
2 
Learning disabi l ities, Attention DeficitfHyperactivity Disorder (ADHD), 
developmental delay, and emotional and behavioral problems are childhood 
disabi l ities of growing concerns. Children with ADHD are at risk of academic and 
professional fai lures. Simi larly, those with learning disabi lities experience difficulties 
in activities of dai ly l iving and in social situations. Some developmental disabi lities 
increase the risk of substance abuse, del inquency criminal behavior and suicide (8). 
1. 1.1. Behavioral  d isorders 
Behavioral d isorders may range from mild attention deficit disorders (with or without 
hyperactivity) to severe conduct problems (e.g., lying, stealing, fighting and early use 
of street drugs). The estimated prevalence for ADHD symptoms in UAE schools is 
1 4 .9%; the weighted prevalence for Diagnostic and Statistical Manual of Mental 
Disorders, 4th Edition (DSM-IV) disorders was 1 0 .4% for the entire population (9). 
The incidence of ADHD appears to be increasing and the use of methyl phenidate 
(Rital i n® used for ADHD) is also increasing proportionately ( 1 0) .  
A DHD is the most commonly diagnosed neurobehavioral disorder in  school 
chi ldren. It is characterized by inattention and impUlsivity that produce significant 
functional impairments (8) and has two main subtypes ( impulsive/hyperactive and 
inattentive) as defmed in the Diagnostic and Statistical Manual of Mental Disorders-
4 th edition DSM-IV ( 1 1 ) . 
The precise etiology of ADHD remains unknown. However, c l inical studies have 
revealed a genetic as well as environmental (e.g. , low birth weight, parental 
personal ity traits and quality of parent-chi ld interactions) predisposition (8) .  
Toxicological studies have shown that children exposed to lead may exhibit 
symptoms of ADHD ( 1 2) .  Several studies have confirmed that even low-level lead 
exposure is signi ficantly related to behavi oral (including ADHD), developmental and 
learning/intel l ectual problems in children (5 ,  7, 1 3 , 1 4, 1 5 ) .  
The prevalence of ADHD could range from 2 to 1 8% ( 1 1 , 1 6) .  I n  1 994, the 
American Psychiatric Association estimated the prevalence of ADHD in school-age 
children as 3-5% ( 1 1 ) . This high prevalence correlates with ADHD being the most 
common referral for pediatric mental health consultation ( 1 6) .  In UAE, its prevalence 
2 
is 1 4 .9% by symptoms alone (screening tools) and 0.5 to 1 .4% by implementing the 
diagnostic criteria of the disorder ( 1 7, 1 8, 1 9) . Scholastic fai lures (e.g. ,  school 
dropout) and low self-esteem may occur if ADHD is not recognized and treated. 
3 
ADHD also increases the risk of oppositional defiant disorders, conduct problems 
(e.g . ,  del inquency and substance abuse) and impaired social competence, behavioral 
and emotional adj ustments and school performance (e.g., verbal learning) ( 1 6). The 
incidence of co-morbidity ranges from 50% to 90% (20) . Considering its prevalence 
and seriousness (stress imposed on affected children and parents frequent scholastic 
fai lures anx iety and mood disorders and high care costs). ADHD has received 
significant research attention over the years. 
Health care plan for ADHD requires information on risk factors and co-morbidity 
conditions. In a study in AI Sharjah, psychosocial disadvantages (e.g. ,  single parent) 
scored high as a risk factor for ADHD ( 1 7) .  Other potential factors in the Arab 
culture include low socio-economic status, history of ADHD in a parent, maternal 
smoki ng during  pregnancy, hypoxia and prematurity (2 1 ) . 
Many children with ADHD have co-morbid psychiatric disorders. Commonly 
( 1 13 of ADHD) encountered conditions include "oppositional defiant" 3 5%, "conduct 
disorder" 26%, "mood and anxiety", depression l 8%"learning and language" and 
"tic" disorders (22, 23) .  
1. 1 .2. Learning d isabi l ity 
Learning disab i lities are chronic disorders characterized by developmental problems. 
The term 'global developmental delay" describes delays in two or more of the 
fol lowing areas : "gross/fine motor, speech/language, cognition, social/personal and 
activit ies of dai l y  l iving". Developmental problems may span a mi ld impairment of 
social ski l ls  to a disabling autism. 
The UAB prevalence of global  developmental delay is 8 .4%, c l inical ly significant 
developmental disabil ity is 2 .4%, delays in speech and language 2 .3%, and 
developmental language delay 9 .9%. Associated risk factors include pregnancy and birth 
compl ications, low maternal education, family history of developmental problems, 
psychosocial stress, major traumatic l ife events, and behavior problems (24, 1 9) .  
3 
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The term "learning disabil ity ' refers to a broad range of impaired academic and/or 
functional ski l ls .  Learning-related disorders may be isolated, mild and non-specific, 
or assoc iated with significfult mental or cl inical i l lness. The problems may involve 
writing (dysgraphia), reading (dyslexia) and/or math (dysca1culia). Other categories 
include disabi l ities involving memory, social ski l ls or executive functions (e.g., 
deciding to begin a task). Many functions, such as speaking, l istening, writing and 
arithmetic are overlapping. Therefore, it is not surprising to uncover more than one 
aspect of the learning disabi l ity in a chi ld. For example, the abil ity to understand 
l anguage underl ies learning to speak. Disorders that hinder language interfere with 
speech,  which in turn impairs reading and writing. Thus, a single deficit in the brain 
can disrupt many learning activities. Identifying learning problems requires 
thoroughly i mplemented assessments of the psychological and educational 
achievements. Learning disabi l i ties may result from a subtle disturbance ( insult) i n  
the brain structure o r  function (25). Learning disabil ity, ADHD and other behavioral 
disorders could be interrelated (26). 
1. 1 .3.  Cognition 
Cognition is evaluated by an appropriate intel l igence quotient (IQ) test, such as the 
Stanford-Binet, Wechsler Adult Intel l igence Scale, Kaufman Assessment Battery for 
Chi ldren and Raven's Progressive Matrices. Raven' s  test is wel l  standardized and 
easy to use; it measures educative (think clearly and make sense of complexity) and 
reproductive (store and reproduce information) abi l ities (27) .  The raw score is 
typical ly converted to a percenti le rank by using the appropriate norms; the :'S5th 
percenti le corresponds to an IQ below 70 (retardation) and the >5 to 95th percenti le 
are considered below average IQ (27). 
Hereditary disorders may account for at most 50% of the cognitive and personal ity 
disorders (28) .  The other 50% cases could be l inked to environmental factors ( 1 2, 26, 
29). 
In this regards, studies have shown correlations between heavy metal exposure 
and cogni tive deficits (30, 3 1 , 32, 33 , 34). Lead exposure, even at low levels, may 
harm brain development. After excluding social and parenting factors, even low-level 
4 
lead exposure (blood levels at about 1 0  j.lg/dL) alone can account for up to 1 -4% of 
impaired cognitive abi l ities ( 1 4) .  
1.1.4. Tics, Tourette syndrome and Fragile X 
Tics are involuntary, sudden, recurrent non-rhythmic stereotyped movements (motor 
tics) or vocalization (vocal tics). They may occur as a developmental phenomenon, 
"vith as many as 1 in 5 chi ldren having a tic at some point in the first 1 0  years of l ife 
(35  36). 
5 
Tourette syndrome is a neuropsychiatric disorder characterized by multiple motor 
and one or more vocal tics for at least 1 year ( 1 1 ) . It is commonly associated with tics, 
ADHD obsessive-compulsive disorder, behavior problems, conduct disorder and 
learning disabi l ities (36, 3 7) .  The cl inical spectrum of tics and Tourette syndrome 
commonly involves school problems. Its prevalence is about 0 . 5  per 1 000, with a 
mean age of onset around 6 years (35) .  Coming et al 1 990. reported that 1 of 95 male 
and 1 of 759 female students in special education had definite Tourette syndrome (37). 
Fragile-X is an x-linked syndrome characterized by mental retardation. Its 
symptoms include nervous speech, stereotypic movements and mild to severe 
intel lectual disabi l i ties. Some of these patients meet diagnostic criteria for autism 
(38) .  
5 
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1.2. Hea vy  m eta ls 
Compared to other organ ,human brain develops over a considerable period of time. 
Toxic exposure in pregnancy or earl y childhood may harm brain development ( 1 2, 1 3). 
tudies have shown that synaptic transmissions in the central and peripheral nervous 
systems are negati ely affected by heavy metals, such as lead (Pb), mercury (Hg), 
cadmium (Cd) and al uminum (AI). Fetal levels of toxic metals are often higher than in 
the maternal blood and infants are also exposed through breast-milk ( 1 3) .  
Cel lular Ie els of mineral s (e.g., calcium, magnesium, l ithium, zinc and iron) and 
nutrients (e.g., vitamin B-6 and vitamin B- 1 2) can be adversely affected by toxic 
metals. Disruption of cel lular Ca2+ can affect tissue functions, including cognition. 
The release of Ca2+ -dependent neurotransmitters suppresses the levels of acetylchol ine, 
norepinephrine and serotonin. Ca2+-dependent cel l signaling abnormalities have been 
linked to some degenerative central nervous system diseases ( 1 3 ). 
Infants and young children are more vulnerable to heavy metal exposure. They 
are exposed more to contaminated soil, air, water and food than adults ( 1 2 , 39). 
Because of their higher metabolic rate, children consume more oxygen, water and 
food per unit of weight. Thus for a given contamination, a child wil l receive 
relatively higher amounts of toxins than an adult. Furthermore, children absorb about 
70% of exposed lead, compared to about 20% in adults (39) .  Pregnancy and lactation 
also increase their metal exposure, especial ly copper (Cu), zinc (Zn), iron (Fe), lead 
(Pb) and mercury (Hg) (40, 4 1 ) . 
Children are susceptible to poll utants because of their physical behavior (e.g., 
exposure to polluted soil and dust during outdoor plays) and their contact with the 
environment is more than that in adults (e. g., metal exposure from mouthing toys that 
gather dust and paint chips) . Furthermore, children are particularly sensitive to toxic 
metals (e.g., Pb) due to the critical development of their vital organs (e. g.,  central 
nervous system, l ungs and immune system). Exposure to toxic metals during this 
phase can produce permanent developmental, behavioral and functional impairments. 
This environmental insult may override genetic, nutrient and social factors of a child's 
health ( 1 2, 4 1 ). 
Metals are opaque elements that form alloys and conduct heat and electricity. 
Antimony (Sb), arsenic (As), bismuth (Bi), cadmium (Cd), cerium (Ce), chromium 
6 
(Cr), cobal t (Co), copper (Cu), gall ium (Ga), gold (Au), iron (Fe), lead (Pb), 
manganese (Mn), mercury (Hg), nickel (Ni) platinum cPt), silver (Ag) tel lurium 
(Te), thall ium (Tm) tin (Sn), uranium (U), vanadium (V ) and zinc (Zn) are termed 
"heavy metals". These elements are among the 35-metal group that is hazardous. 
Hea y metal s have a specific gravity (a  measure of the density of a given 
substance as compared to H20) that is at least 5 times that of water. The specific 
gravity of water is 1 .0 at 4°C (39 F). Examples of the specific gravity of toxic 
metal l ic elements are: arsenic 5 .7 ;  cadmium 8 .7 ;  iron 7 .9; lead 1 l .3 ;  and mercury 
1 3 . 5 .  
7 
orne metals are nutritional ly  essential (e. g. , cobal t, chromium, copper, iron, 
manganese, mol ybdenum, selenium and zinc), some are non-essential with potential 
benefits (e.g. , boron, nickel , sil icon and vanadium) and others are without benefits 
(e.g. antimony arsenic, barium, beryll ium, cadmium, lead, mercury, silver, strontium 
and thal l ium) (4 1 ). 
Small amounts of metals may exist in the diet, but significant quantities of any of 
them may cause acute or chronic toxicity (poisoning) . Heavy metal toxicities can 
damage vital organs such as the central nervous system, blood, lungs, kidneys and 
l iver. Long-term exposures may produce degenerative muscular and neurological 
processes, which could mimic Alzheimer disease, Parkinson disease, muscular 
dystrophy and multiple sclerosis. Other potential health concerns include allergies 
and cancer. 
Heavy metals and their compounds can be ingested or inhaled. Lead, mercury, 
polychlorinated biphenyls, nicotine, alcohol, aluminum, manganese, nickel , cadmium 
and many other neuro-toxins are abundant in the environment. These chemicals may 
produce undesirable effects on children's health. Some heavy metals are common in 
industrial applications, such as pesticides, batteries, al loys, electroplated metal parts, 
textile dyes and steel . Many of these products are in our homes. Heavy metals such 
as cadmium, lead, zinc, mercury, manganese, nickel and chromium can be emitted 
from a furnace as dust, fume or vapors or they may absorbed by particulates. 
Heavy metals may enter the body via food ( including human milk and fish), drinks, 
air or skin. Industrial exposure (e. g. , fertilizers, industrial paint and building materials) 
is common in adults. Ingestion, on the other hand, is the most common route of 
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exposure in children. Less common exposures include dental exposure (silver dental 
fillings), radiological procedure, inappropriate nutrition and broken thermometers. 
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Analytical methods for metal detection include "inductively coupled plasma mass 
spectrometry" (ICP-MS), atomic absorption spectrometry (AAS) and fluorescence 
spectrometry. The sensitivity of these instruments increases if coupled with the use of 
high-pressure liquid chromatography. Measurement parameters include specificity, 
sensitivity standardization (to reduce intra and inter laboratory variability) and quality 
assurance. 
Heavy metals, such as lead can be measured in the blood or hair. Hair testing is 
reliable and preferable as it can be easily collected, re-sampled, stored and transferred 
with a low cost. Testing the hair evaluates toxic metals that build in tissues over a 
relatively long period of time as the toxic elements in growing hair follicles are stored 
in hair proteins. Hair testing also gives information about interactions between 
nutrients and toxic metals (42) .  However, its use is restricted to specialized 
laboratories and other environmental factors may contaminate the results. 
Blood testing is a simple, inexpensive and accurate method of analysis. It is used 
to determine short-term exposure to toxic metals (e. g., lead and cadmium). Lead has 
a short half-life in the blood (about 35 days). Therefore, blood tests are not as reliable 
for chronic exposures to lead or cadmium; but, it is reliable for organic 
mercury. Moreover, blood testing is the best method to assess essential mineral 
deficiencies from a recent exposure to heavy metals ( 1 2). 
Bone and tooth testing using X-ray fluorescence spectrometry detects lead in the 
bone. Lead and other metals in the bones are indicators of long-term exposure. This 
type of investigation is limited to the chronic effect and is not suitable for acute 
intoxication. Interpretation of the results requires knowing the metal elimination half­
life. For example, the half-life of lead in blood is in days, in soft tissues in months, 
and in bones in years ( 12,  39) .  
Detecting plasma toxic metals above background levels indicates acute 
exposure. The top 3 toxic metals in the United States are lead, mercury and arsenic; 
cadmium, chromium and nickel are also high on the list (39). 
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1.2.1. Lead (Pb) 
Lead is a common, non-degradable poll utant. Exposure to lead produces the most 
toxicant-related clinical disorder. Since the toxicity may occur without obvious 
symptoms exposure involves serious public heal th problems. Lead levels of 1 0-20 
microgram/decil iter (Jlg/dL) are recognized as "subclinical poisoning", which may 
adversel y affect red blood cell production (causing anemia) kidneys (causing renal 
tubular injuries), bones, reproductive organs (e.g. infertil ity, abortion and stil lbirth) 
and central nervous system (e.g. , l earning problems) ( 1 2 , 39 43) .  Studies have shown 
that lead reduces dopamine release, which disturbs the function of basal ganglia. 
Lead exposure also interferes with glutamate function, which plays a role in long-term 
learning and neuronal development. Toxic exposures to heavy metals ( including lead) 
may produce learning disabil ity hyperactivity, substance abuse, violent crime and 
other forms of anti-social behavior (44) . 
The effect of l ead on the nervous system can be subtle, causing irreversible 
deficits in intel l igence behavior and school performance. Therefore, the 
Environmental Protection Agency Science Advisory Board states that safe blood lead 
levels should be < 1 0  llg/dL; levels> 1 0  Ilg/dL are thought to invoke negative effects 
on the children's health ( 1 2) .  Blood lead (Pb) levels � 1 0  Ilg/dL are stil l being 
reported in up to 3 5% of inner city children, while levels < 1 0  Jlg/dL are 
recommended by Center for Disease Control (CDC) to prevent cognitive and 
behavioral impairments (4 1 ,  45) .  Moreover, CDC has defined blood lead level s that 
should prompt public health actions as � 1 0  IlgidL. Research conducted since 1 99 1  
has strengthened the evidence that children's physical and mental development can be 
affected even at blood lead level < 1 0 Jlg/dL ( 1 5). Needleman et al . 1 996, significant 
bone l ead-related associations with somatization, anxiety/depression, social problems, 
attention problems, aggression, delinquency, and internalization and externalization 
behavior at 1 1  years of age (46). 
The longer the exposure to lead, the more the negative impact it has on the body. 
The developing organs in children al low lead and other metals to enter more rapidl y 
to the brain and fast-growing bones ( 1 2, 39) .  
Human body is exposed to lead through ingestion and inhalation. The ingestion 
route is more common in children; their bodies absorb more than 50  percent of 
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ingested lead. The hard (e.g., bones) and soft (e.g. , brain) tissues rapidly absorb the 
inorganic lead as soon as it enters the blood. However, most of the lead found in the 
hard tissue is known to accumulate over a lifetime and could increase through adult 
life. The amowlts of lead in the soft tissue remain stable ( 1 2) .  In pregnant women, the 
lead and other metals in the bone are mobilized and transmitted to the developing fetus 
(47, 43) .  The immaturity of various organs allows lead and other metals to rapidly 
deposit in the children s brain and bones ( 1 2) .  
Lead is a potent poison that can affect individuals at all ages. Because of their 
growing organs and easy exposure, fetuses and toddlers are most vulnerable. Lead 
exposure is considered the most preventable childhood poison (39) .  
The effect of lead on children varies according to the amount, kind and extent of 
exposure. Affected children may appear inattentive hyperactive and irritable; 
problems with learning and growth also develop. At very high levels, lead produces 
permanent brain damage and even death. Human body contains about 1 20 mg of lead, 
and the daily intake should not exceed 500 ).lg. Lead has an elimination half-life of 
about 62 years (39) .  
Lead poisoning harms the brain, kidneys and numerous other organs; some of these 
effects may be permanent. Since toxicities may occur without obvious symptoms, 
blood testing (screening) is essential to protect children from lead poisoning. The most 
common sources of lead are lead paints, leaded gasoline and contaminated water, food 
and remedies. 
Paints are the primary cause of childhood lead poisoning. Lead and zinc 
chromates are the most popular inorganic yellow pigments used in paints. Lead 
constitutes:: 90% of total pigments used in paints. These lead-based paints exist 
mainly in old houses; chips from deteriorating paints fall down and get swallowed by 
toddlers. 
The Department of Housing and Urban Development in U.S. estimated that about 
75% of the houses built before 1 978 contained lead-based paints. Furthermore, 
repairing lead-paints can release hazardous amounts of lead as dust, which is another 
major source of exposure. Blood tests have shown that lead-based pigments in paint 
formulations cause lead poisoning, especially in children who eat paint chips or chew 
on objects coated with lead (48). 
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Emitted atmospheric lead from the gasoline could be inhaled or fall down to 
contaminate soil , plants, food and water. Heavy concentrations of lead are found in the 
air near busy roadways. Children can be exposed to gasoline lead via contaminated 
food, water or air. The global goal of the United Nation Environmental Progran1 is to 
remo e all leaded ga ol ine. Lead-free gasoline was introduced in 1 980 and is used 
widel y. However, dust and soil near major roads stil l contain high levels of lead from 
the auto exhausts ( 1 2). 
Lead can leak into water from lead pipes (mostly in old houses) and lead l iners in 
water coolers. Ng and Martin ( 1 977) reported lead poisonings in a 3-month-old infant 
and I-day-old newborn from formulas made with contaminated water from lead­
soldered kettles (49). 
Dust from outdoor soil containing lead can be another source of exposure for 
children. Soil can be contaminated by lead paints, auto exhausts or other industrial 
activities (43).  
Lead may contaminate food processing and packaging. In one study, Eisenberg et 
a1 . 1 98 5 ,  found 1 7 1  of 563 (�30%) children aged 1 0- 1 8  years had high blood lead 
levels from contaminated flours (50). Canned food can be a source of lead when lead 
solders are used to seal canned food or fruit. Some dishes and cups contain lead ( 1 2). 
Dust present on unwashed fruits and vegetables can also be a source of l ead exposure. 
Folk remedies (e.g. , Bokhoor .J�) and cosmetics may contain variable amounts of 
lead. Fernando et a1. 1 98 1 ,  reported 4 children with lead poisoning in Kuwait after 
using various remedies (39).  Biot-A-Zabab is an Iranian remedy given to newborns to 
treat colic which contains 82 .5% lead; 6 newborns with lead poisoning as a result of 
using this preparation have been reported (39 5 1 ) . Nineteen infants were diagnosed 
with acute lead poisoning between January 1 987 - December 1 992 in UAE as a resul t 
of using this remedy to treat abdominal colic and to facilitate early passage of 
meconium after birth (5 1 ) . Sanrioj is an amorphous red herbal vitamin that contains 
98% l ead oxide which is believed to "strengthen the brain"; a developmental ly  delayed 
5-year-old child was reported by Moor and Adler as having lead poisoning as a result 
of using this herb (52) .  Other preparations containing high quantities of lead include 
Azarcon and Sunna (black eye cosmetics known as AI Kobol �). This traditional 
Arabic eyeliner is shown to contain up to 85% lead and is primary used by all ages to 
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highlight beauty and to protect the infant and children from evil eye. Recent reports 
have revealed that some kinds of kohol contain lead in high quantities that is associated 
with behavioral, intelligence and schooi performance problems (5 1 ) . UAE- Kalba 
Municipality is reported to have removed large amounts of Kohol ( imported from 
Pakistan) from the market in December 2007 (53) .  
Children of parents who are exposed to lead during their work are reported to have 
higher blood lead levels. According to Aguilar-Garduno et al. 2003 , mean blood lead 
Ie el for children of radiator repairmen with home-based workshops was 22.4 flg/dL, 
compared to 5 .6  flg/dL for the controls (p-value < 0.0 1 )  (54). Other professions where 
parents may be exposed to lead and transfer it to their children include automobile 
radiator repairmen constructors, painters and workers in lead batteries, cables, rubbers 
and plastic soldering (39) .  
Data from National Pollutant Release and Transfer Registers in North America 
reported that smelters and hazardous waste facilities are important sources of lead ( 1 2) .  
Children living close to an extrinsic source of lead have elevated blood lead level 
compared to those living distant from such sources. Calderon-Salinas et al. 1 996, in a 
study conducted in Mexico, found that the average blood lead level for children living 
1 .0-Km from a smelter was 1 7 .3  ± 5 .6  flg/dL, whereas those living 4 .S-km from the 
site \ as 6.4 ± 3 . 1 flg/dL (55). 
Lead is found in numerous consumer products and toys . Recently, the Consumer 
Product Safety Commission in US recalled millions of toys imported from China that 
was believed to contain dangerous amounts of lead. The world's largest toy company 
recently announced its major recall of Chinese-made toys contaminated with lead 
paint. Lead chromates used as yellow and orange pigments are used in some children's 
toys. Lead is found at hazardous levels in a long list of consumer products including: 
batteries, pigments of inks & crayons, pottery glaze, tobacco, cosmetics as lip stick, 
toothpaste, fake jewelry, toy figurines, vinyl mini-blinds, and some candle wicks (39). 
Several cases have been reported with lead poisoning involving these products (e.g. ,  a 
23-month-old child after ingesting a lead key chain and a 3-year-old child after 
ingesting lead-containing curtain weights). Perkins and Oski reported high blood lead 
level in a 6 month-old infant who inhaled lead from a burning log made of newsprint 
(56) .  Lead is also found in fishing weights, pesticides, insecticides, cigarette ash and 
ammunition. 
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Earl y-life exposure to lead impairs learning, attention and intel ligence; it may also 
cause hyperactivity impulsiveness and aggression (26). The relationship between 
" IQ and blood lead Ie el" is best described as a nonl inear negative association. An 
irreversible IQ drop of 1 -3 points is expected for every 1 0  J.lg/dL of blood lead; Center 
for Disease Control (CDC) reports no safe blood lead level in children. However, it 
classified children with levels <1 0 J.lg/dL as not "lead poisoned" ( 1 5) .  
u.s.  Federal regulations al low laboratories to report blood lead levels with errors 
of ±4 J.lg/dL (or ± 1 0%, which ever greater); e.g., an actual value of blood lead of 7 
J.lg/dL could be reported as 3 - 1 1 J.lg/dL. Blood lead test reliability also depends on 
adhering to col lection techniques that reduce sample contamination, e. g., using lead­
free col l ecting devices (5 7) .  
The blood lead level increases quickly after an acute exposure. As about 70% of 
lead is stored in the bones, blood lead levels decline with time, reaching equilibrium 
over a few weeks (39) .  
Multiple studies have confirmed that blood lead measurements vary seasonally. A 
Milwaukee study reported that blood lead levels were higher in the summer than in 
the winter (perhaps due to increased exposure in the summer) . Blood lead values for 
urban children are 1 -2 /lg/dL higher in the summer than in the winter ( 1 5) .  
Several procedures have been conducted to reduce lead exposure, which include 
development of lead-free gasoline and removing lead from toys, paints, food 
wrappings, cans and cooking utensils. Two types of lead-free fuels were introduced to 
UAE in 2003 ;  community programs to strengthen public knowledge about lead were 
also introduced. Other protective methods include: warning signs at lead-working 
areas, personal protective equipments for entry to a lead-work areas and characterize 
wastes as hazardous based on the amount of lead. Preventive strategies are also 
developed by American Academy of Pediatrics - Committee on Environmental Health. 
These recommendations include identifying and abating paints, wet mop dust, cover or 
discarded carpets contaminated with lead dust, restrict play in lead areas, cover plant 
ground of leaded soil , flush cold-water pipes for a few seconds before use, and avoid 
leaded remedies, cosmetics, toys, crayons and contaminated mineral supplements. 
Frequent hand washing and adequate calcium, iron and vitamin C are recommended. 
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As a result, the I O-year screening study in Ontario ( 1 983-1 992) showed yearly steady 
declines in blood lead levels of about 1 .0 �g!dL ( 1 2). 
1.2.2. Cad m i u m  (Cd) 
Cadmium is a soft, silver-white metal which occurs naturally in the earth's crust. It 
has no odor or taste. It is usually found in the environment combined with oxygen 
(cadmium oxide), chlorine (cadmium chloride) or sulfur (cadmium sulfate). These 
solids compounds may dissolve in water, but they do not evaporate. Almost all soil, 
rocks coal and mineral fertilizers contain some cadmium. The metal is also found in 
the atmospheric air as part of small particles. It enters the air from burning coals and 
metal mining (e.g., production of other metals such as zinc, lead, or copper) and 
refining. It enters the water from disposal of household and industrial wastes. Once 
cadmium enters the environment it stays for a long time; sometimes changing into 
different forms. Fish, plants, and animals acquire cadmium from the environment. 
Its industrial applications include Ni-Cd batteries, metal coatings and pigments in 
plastics and paints. Children may accidentally swallow Ni-Cad batteries. Cadmium 
levels in human milk are 5 - 1 0% of that in the mother' s blood. Hair analysis is useful 
for evaluating sustained cadmium exposure, such as that from cigarette smoking. The 
Environmental Protection Agency (EPA) states that cadmium inhalation is a probable 
human carcinogen. Cadmium can also harm the kidneys, lungs, motor skills and 
behavior. At the cellular level, cadmium impairs calcium homeostasis, which can 
significantly affect biological functions ( 1 3 ,  58 ,  59) .  
A study of rural children with a non-toxic exposure found higher levels of Pb and 
Cd in mildly retarded and borderline intelligence (IQ = 55-84) subjects than controls; 
over 70% of the study group had 1 of 5 toxic metals exceeding the upper safety limits 
(60). A larger study found hair cadmium levels to be correlated with and predictive of 
learning disability or mental retardation (6 1 ). A study of dyslexic children with 
normal IQ found the average cadmium hair level to be 25 times that of the control 
group, and exceeding the normal acceptable range. The dyslexic group also had 
higher aluminum and copper levels (62). In one estimate, Pb and cadmium levels 
could explain about 30% of the variance in IQ, with cadmium affecting verbal ability 
more and lead affecting performance measures more. Furthermore, cadmium as well 
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as H g  have anti-metabol ic  effects that could adversely affect calcium, zinc and 
phosphate homeostasis (63, 59). 
1 .2.3. Arsenic (As) 
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Arsenic (atomic weight 74.92 glmol) i s  a semi-metal l ic  element found i n  soil,  water, 
air and food. It exists naturally in  the earth's crust, especial ly  in  geographic areas 
with certain types of rocks and minerals. Pure inorganic arsenic is  found combined 
with other elements such as oxygen chlorine, and sulfur. Organic arsenic (bound to 
carbon and hydrogen) which found in  plants and animals is less harmful than 
inorganic arsenic. Chronic arsenic exposure from environmental release is common 
worldwide (64, 59) .  Food (most notably, fish and shel l fish) i s  the l argest source of 
arsenic exposure' lower amounts are found i n  drinking water and atmospheric 
air. Inorganic arsenic compounds are present i n  soil as natural mineral deposits or 
industrial contaminations. Learning and behavioral deficits were observed in rats 
prenatal ly  exposed arsenic (65). Chi ldren are exposed to inorganic arsenic from 
contaminated soi l food or water (e.g., contaminated groundwater); hand-to-mouth 
contacts are the most significant route. Other sources include wood products (e.g., 
playground equipments) treated with chromate-copper-arsenate (CCA). Arsenic was 
detected in soi l under CCA-treated wood play structures, and on hands of chi ldren 
after playing on such wood structures. Although CCA registrants voluntari ly stopped 
residential -treated wood production in  2003 , the risk from pre-exi st ing structures and 
soi l i s  a concern (66). Industrial sources (e. g. ,  mines, smelters and agricultural 
faci l i t ies) raise hazards to neighboring residences and schools. Short-term i nhalation 
of arsenic dust or fumes causes nausea, diarrhea, abdominal pain, and central and 
peripheral nervous system disorders (59). 
1 .2.4.  Mercury (JIg) 
Mercury (atomic weight 200.59 glmol) is  a potent neurodevelopmental toxin. It i s  
l iquid a t  room temperature and has a vapor pressure at 25°C of 0 .002 mm Hg; both 
l iquid and vapor forms are extremely difficult to remove from surfaces. It exists in  3 
different chemical states: elemental (Hg), mercurous ( Hg+), and mercuric (Hg). In 
the environment, it exi sts as a metal l ic  (elemental), inorganic or organic 
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form . However, 0 er 80% of the Hg released from industrial activities (e.g. , fossil fuel 
combustion, mining, smel ting and solid-waste incineration) is metal l ic 
(elemental). Metal l ic Hg is a silver-white liquid, which is commonly used in 
thermometers barometers batteries and electric switches. Other sources include 
dental fi l l ings, which contain about 50% elemental Hg. Inorganic Hg compounds are 
formed from reactions with other elements, such as chlorine, sulfur and oxygen. Hg 
also can combine with carbon to make organic compounds most notably methyl 
mercury (67). 
When breathing mercury (Hg) vapor, about 80% appears in the blood and rapidly 
distributes in other parts of the body, including the kidney and brain. Metallic Hg in 
the blood of a pregnant woman can enter the developing fetus and some Hg passes 
into human milk. Most of it however eventual ly  leaves in the urine and stool . Methyl 
mercury is the chemical form that is most easily absorbed through the gastrointestinal 
system. After eating fish or foods contaminated with methyl mercury, the metal 
compl ex enters the blood and rapidl y distributes to other parts of the body. Methyl 
mercury in the blood of a pregnant woman easily moves to the fetus and bind to the 
brain and other tissues (67, 68) .  
Methyl mercury is considered the primary dietary compound, which inhibits 
enzymes and impairs vital neurobiological processes (e. g. , cel l migration in 
developing brain, synaptic transmission, and microtubule assembly) .  Its other 
important adverse effects include oxidative stress, l ipid peroxidation, mitochondrial 
dysfunction and disruption of cellular amino acid transport. In a European study, 
maternal consumption of fish contaminated with methyl mercury ( corresponded to 
mean hair Hg levels of �4-8 part per mill ion-ppm) adversely affected the IQ, language 
development, visual-spatial and gross-motor skil l s, memory and attention in offspring 
(26). The U .S. Environmental Protection Agency estimated that over 50,000 pregnant 
women in the United States consume fish contaminated with> 0. 1 �g Hg/kglday 
(corresponding to hair Hg levels of � 1 .0  ppm). 
The primary health effect of methyl mercury is impaired neurological 
development. In a few reported cases, individuals who ate fish contaminated with 
poisonous quantities of methyl mercury developed permanent damages to the brain 
and kidneys. Other associated fmdings were behavioral changes (e.g. ,  irritability), 
tremor, impaired visual field, deafness, poor muscle coordination, loss of sensation 
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and difficulty with memor . Moreover, negative impacts on cognition ( lowering the 
IQ) attention language, fine-motor and visual skil ls  have been observed in children 
with a prenatal exposure to methyl mercury. Significant pre-natal maternal exposures 
result in infant injuries ranging from impaired developmental milestones (e.g.,  age of 
first walking and tal king) to a more serious brain damage (e. g. ,  mental retardation) 
(67, 68) .  Children can be exposed to Hg from contaminated soil, wel l-water or fish 
(e.g. methyl mercury in large or old fish). Other sources include outdated 
medications (e.g., laxatives and teething powders) and skin-l ightening creams 
containing Hg. Occupations with increased risk for Hg exposure include electric 
equipments automobile parts and metal plants. Metal l ic Hg can be brought to home 
on working clothes or tools. Mushrooms can accumulate high levels of Hg from 
contaminated soils (67). 
1.2.5. Manganese (Mn) 
Unl ike Arsenic and lead, manganese is not only a toxic metal but is also an essential 
nutrient necessary for biological enzymatic reactions. However, occupational 
exposure to Mn produces central nervous toxicities. The symptoms may include 
movement disturbances and inappropriate behavior. More recently, Mn-induced 
developmental neurotoxicity has emerged as a significant health concern (26). In 
small pediatric study, elevated hair Mn levels showed an association with ADHD 
(26). In laboratory animals, exposure to Mn has been shown to produce hyperactivity 
(69). The concentration of Mn in human milk is about 6 !lglL and in infant formulas 
about 70- 1 00 !lglL; soy-based formulas contain 200-300 !lgIL. Compared to adults, 
children absorb and accumulate more Mn (70, 7 1 ) . Moreover, in infants, Mn easily 
gains access to the brain. These observations raise concerns with supplementing 
infant formulas with Mn and with the use of soy-based formula (26). 
1 .2 .6.  Nickel (Ni) 
Nickel is a hard, white metal with desirable properties when combined with other 
elements (e. g. ,  iron, copper, chromium, and zinc), forming useful mixtures termed 
al loys. These al loys have frequent uses, such as metal coins and j ewelry. In  industry, 
al loys are also used in stainless steels, valves and heat exchangers. Moreover, Ni can 
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combine with many elements, such as chlorine, sulfur and oxygen. Many of these 
compounds dissolve in water and have a green color. However, Ni and its complex 
compounds have no odor or taste. Ni compounds are used for plating, to color 
ceramics, to make batteries and as catalysts to enhance chemical reactions. 
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Ni complexes occur naturally in the earth's crust. They are found in soils, and are 
emitted from olcanoes. It is the 24th most abundant element; in the environment it 
e ists primaril y as oxides or sulfides. Ni is also found in meteorites and in lumps of 
minerals on ocean floors (known as sea floor nodules). 
The earth's core contains large amounts of Ni. It is released into the atmosphere 
during mining, oil-burning power plants, coal-burning power plants, and trash 
incinerators. Industries may discharge Ni in waste water. 
The greatest danger from chronic Ni exposure is development of cancer (e.g. ,  
lung, nasal and larynx). The risk is greater for those l iving near metal smelting plants, 
solid waste incinerators and nickel refineries. Hair is an accurate method of 
eval uation of body Ni burden. Most exposure leading to elevated hair Ni levels 
occurs from dusts near industries. Ni also accumulates with age and 
smoking. Moreover, elevated hair Ni levels are possibly associated with contact 
dennatitis and immune dysfunction (59).  
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2.0 RATIONALE FOR THE STUDY 
Children are vulnerable to neurotoxic effects of heavy metals, particularly lead. Toxic 
exposure to any of these elements may invoke health problems, such as impaired 
intel l igence, stal led metabol ism, convulsion and coma. To my knowledge, there are 
no studies that careful ly  examined the effects of toxic metals on childhood 
developmental behavior in UAE and Gulf countries. This study wil l investigate the 
effects of 1 2  heavy metal s, especial ly lead, on the development, cognition, learning 
and behavior of school-age children in Al-Ain City (UAE). 
Results obtained from this study wil l provide important clues to predisposing 
factors that are relevant to chi ldhood development and behavior in this community. 
The findings wil l guide developing services for prevention and early intervention. 
The other rational is to provide blood concentrations of these toxic metals for 
children residing in this community. These values can be used in future studies for 
comparison between different areas in the UAE. 
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OBJECTI VES 
3.0 O BJ ECTIVES / AIMS OF THE STUDY 
1 .  To estimate blood levels of 1 2  toxic metals in the population of school-age 
children in Al Ain. 
2 .  To assess possible association between developmental and/or behavioral 
disorders ( DBD) and blood levels of toxic metals. Moreover, to assess possible 
association with other psychosocial/medical and environmental factors. 
3 .  T o  compare the study findings in Al Ain with those found in different 
communities around the world. 
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4.0 MATER IALS AND M ETHODS 
4. 1. ample Selection 
This is a case-control srudy of the impact of heavy metals on the behavioral and 
developmental disorders (DBD) of children in UAE. The study sample consists of 73 
chj Jdren with DBD and 74 controls, matched by gender and age, selected from a 
sample of nine public elementary schools in Al Ain. The nine participating schools 
represent a gender stratified random sample consisting of four female and five male 
public elementary schools from Al Ain Educational Zone. The enrol lment of sample 
subjects occur ed from October 2007 to May 2008. 
DBD cases were defined as children with a learning disability and/or behavioral 
problem (e. g. ,  ADHD). Control subjects were randomly selected among the age- and 
gender-matching students from the same schools. Children with a learning disabil ity 
were identified based on the classification of Al Ain Educational Zone and 
educational evaluation (academic achievement psychological evaluation and IQ test). 
Similarly, children with a behavioral problem were identified based on the diagnostic 
from a clinical interview by pediatricians and child psychiatrists in the School Heal th 
Department of Al Ain Medical District. 
Each school had 6 to 1 5 children with DBD. The sample sizes were based on the 
number of children with DBD studying in the participating schools (75- 1 00 students 
per records of the Ministry of Education). Moreover, an earlier study of 6 to 1 0  year 
old South Korean children estimated the standard deviation of lead concentrations in 
blood samples to be 1 . 7 1  I-lg /dl (72). A Swedish study of 1 5  year old children 
estimated the standard deviation of lead concentrations in blood to be 1 I-lg /dl (73) .  If 
we assume a standard deviation of the order of the higher of these two estimates ( i.e. 
1 . 7 1  I-lg /dl), then samples of 70 children per group wil l detect a mean difference in 
blood lead concentrations of 1 .05 I-lg Idl ( 1 0 .5 parts per billion-ppb) with 95% power 
(the independent samples (-test with a 5% significance level) .  
To test the feasibility and design of the study, a pilot experiment was conducted to 
test the validity of the survey instruments, and to estimate the participation rates and 
the time to complete the interviews. The study was approved by the Human Research 
Ethics Committee ( AAMDIHREC) at Ai Ain Medical District. Informed consent for 
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each subject was obtained from the parents. A detailed patient information sheet was 
also provided. 
A sample of 1 47 children was enrol led, representing both controls and DBD cases. 
Their di tribution by gender is given in Table 1 . 1 ,  by school grade and gender in 
Table 1 .2 and by age group in Table 1 .3 .  Their ages range from 5-1 5 years with a 
median of 8 years and a mean (SD) of 8 .4 years ( 1 .84). The distribution of children 
according to the type of DBD is given in Table 1 .4 .  
ADHD was present in 2 1 .4% of the subjects with learning disability. Learning 
disabil ity on the other hand, was present in 42.9% of the subjects with ADHD. IQ ::s 
25th percentile was almost equal ly distributed between the subjects with learning 
disabil ity and ADHD (Table 1 . 5) .  Child Behavior Check List (CBCL) syndromes 
(e.g. , externalizing delinquency and aggression) were more common among the 
subjects with ADHD (Table 1 . 5) .  
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Ta ble 1 . 1 :  Distribution of Study Subjects by Gender 
Gender Chi ldren with DBD Cont ro l  Tota l  s u bjects 
Male  47  40 87  
(54%) (46%) (59.2%) 
Fema le 26 34 60 
(43%) (57%) (40.8%) 
Tota l  73 74 1 47 
(50%) (50%) ( 1 00%) 
Ta ble 1 .2 :  Distrib u tion o f  Study Subjects by School Grade and 
Gender 
Male Female Tota l 
G rade 1 20 1 8  3 8  
(53%) (47%) 
G ra de 2 1 4  1 0  24 
(58%) (42%) 
G rade 3 42 27 69 
(6 1 %) (39%) 
G rade 5 2 2 
-
( 1 00%) 
G rade 6 9 5 1 4  
(64%) (34%) 
Total  87 60 1 47 
(59%) (4 1 %) 
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Ta ble 1 .3 :  Distribution of Study S U bj ects by Age G roup 
A ge G ro u p  Chi ldren with OBO (%)  Control Total subject (%) 
5-7 Yea rs 2 1  2 1  
(50%) (50%) 
42 
8- 1 0  
. ea r 37  37  
(50%) (50%) 
74 
1 1  a n d  a bove 1 0  1 0  
(50%) (50%) 
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Ta ble 1 .4 :  Distrib u tion of the Subjects by Cl in ical Disorders 
N u m ber of Subjects 
Control 74 
Learning disabi l ity alone 42 
Learning disabi l ity and ADHDlbehavioral disorders 1 4' 
ADHDlbehavioral disorders 1 7b 
a, Eleven children have ADHD; one child had Tourette syndrome, ADHD and Fragile X syndrome; one 
chi ld had Fragile X syndrome' one chi ld had tic syndrome. 
b Sixteen chi ldren have ADHD ; one chi ld had Tourette syndrome and tic syndrome. 
Ta ble 1 .5 :  Overla pping Clin ical  Disorders a mong the Subjects 
Lea rning d isa bi l i ty A O H D  Control 
(n  = 56) (n = 28) (n  = 74) 
ADHD 2 1 .4% - -
Learning disabil ity - 42.9% -
IQ below average c::: 2 5111 
67.9% 60.7% 1 8% percentile) 
CBCL Syndromes 
Anxiety and depression 3 . 6% 1 7.9% 4% 
Withdrawn syndrome 1 0.7% 7 . 1 %  -
Somatic complaint 3 .6% 7. 1 %  9.4% 
Social  problem 5 .4% 25% 2.7% 
Thought problem 5 .4% 1 0. 7% 4% 
Attention problem 1 4 .3% 46.4% 8 . 1 %  
Delinquent behavior 1 2 .5% 42.9% 1 0.8% 
Aggressive behavior 1 2.5% 35 .7% 6.7%% 
Internalizing 1 8.2% 3 1 .3% 1 7 .5% 
External izing 20.5% 75% 1 6 .2% 
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4.2. Measure and diagno tic cri teria 
The diagnostic cri teria for behavioral disorders were based on the cl ini cal 
interview using DSM-IV criteria (American Psychiatric Association, 1 994) aimed to 
diagnose ADHD and any co-morbid condition. 
The study questionnai res (Appendix I )  were completed by the participants. 
chool nurses who received prior training in survey instruments ( including CBCL) 
assisted in  gathering information from the parents. Data col lected by the interviewers 
(trained school nurses) were subjected to qual ity control procedures, using a random 
check method to reassess interviewed chi ldren. The study questionnaires were 
composed of six instruments, which are: 
Short Ten-Item-Conner A DHD Scale for Parents and Teachers was used to gather 
information related to ADHD from the parents and teachers in the screening stage 
(74). Conner scale has wel l establ ished rel iabi l ity and val idi ty; i t  i s  commonly used 
in  different cultures and l anguages, including UAE ( 1 7) .  
Child Behavior Check List (CBCL,· 4-18 years) was used in  the screening stage. 
This parent report (questionnai re) consisted of 1 1 3 i tems, with a high degree of 
rel iabi l i ty and val i di ty i n  the Arab population (75, 76, 77). Moreover, i t  had been 
val idated as a screening tool to identify co-morbid condi tions in  ADHD (78) .  
Parent' s  ratings (0 = not true; 1 = somewhat or sometimes true; 2 = very or often true) 
were used for constructing clinical scales of the CBCL syndromes. CBCL scores 
reported in  the form of T -scores. T -scores were used as cutoff points to determine 8 
syndromes displayed on the CBCL hand scored profile (withdrawn, somatic 
complaints anxiety/depression, social problems, thought problems, delinquent 
behavior and aggressive behavior) . T-scores for internal izing (withdrawn, somatic 
complaints and anxiety/depression) and externalizing (del inquent behavior and 
aggressive behavior) were used. Total T-scores included 3 clinical scales (social , 
thought and attention problems) in addition to the externalizing and internalizing 
scores. Raw scores were used in  the data anal yses (75,  79). 
Four items tic screening questionnaire (which has been developed for use by 
parents and teachers) was used in  the screening stage. Chi ldren who scored positive 
on tic questionnaire were further evaluated by a chi ld psychiatrist to confirm tic 
disorder. 
25 
ational Hospital Interview Schedule (NHIS). for the assessment of Tourette 
syndrome and related disorders was used by a chi ld psychiatrist for children who 
scored positive on the tic questionnaire (80). 
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Psychosocial/medical variables questionnaire. which addressed issues including 
socio-demographical factors (age gender, parental education, occupation, income and 
other paran1eters) health services potential stressors, child's physical , developmental 
and medical history, family medical history and environmental factors (e. g. , rural 
versus urban distribution, number of persons in the house, source of drinking water) . 
Raven 's Colored Progressive Matrices Scale was used to assess the IQ of al l 
subj ects. This test was done in a face-to-face interview to identify the missing 
segment required to complete a larger pattern. This scale (designed for younger 
children and people with moderate or severe learning difficul ties) contains A, B and 
AB sets each set posses 1 2-colored backgrounds to make it visually stimulating. The 
non verbal test is easy to use and has been validated in UAE. Responses were 
adjusted for age and gender and represented in percentiles (Table 2 . 1 )  (27). Its raw 
score t ypical l y  converted to a percentile rank by using the appropriate norms; the � 
95th percentil e corresponds to high IQ, > 75th - <95 th percentile to above average IQ 
level >25th - .:::: 75th percentile average IQ level , > 5th - .:::; 25th percentile to  below 
average IQ and < 5th percentil e to mental retarded (Table 2 .2) (27). The inquiry 
involved uncovering a missing pattern in a series that get harder, requiring further 
cognitive capacity . 
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Ta ble 2. 1 :  Standards of Colored Progressed Matrices for UAE 
Chi ld ren (n = 5372) 
Order of Age Categories 
Percen t i le 6 6 Yz  7 7 Yz  8 8Yz 9 9Yz 1 0  1 0Yz 1 1  1 1 1'2 
95 2 1  22 24 24 29 29 30 3 1  32 32 34 34 
90 1 9  20 22 22 26 26 29 29 30 3 1  32 32 
75 1 7  1 7  1 8  1 9  22 22 25 25 27 27 29 29 
50 1 5  1 5  1 6  1 6  1 8  1 9  2 1  2 1  23 24 25 25 
2S 1 3  1 3  1 3  1 4  1 5  1 5  1 7  1 7  1 9  1 9  2 1  2 1  
1 0  1 0  1 1  1 1  1 2  1 3  1 3  1 4  1 4  1 6  1 6  1 7  1 8  
S 9 1 0  1 0  1 1  1 2  1 2  1 2  1 2  1 4  1 5  1 5  1 6  
Table 2.2 : Estimates of I n tell igence Using Sta n d a rds of Colored 
Progressed Matrices 
Range of Percenti le I n tel l igence 
>95 High 
<95 - 90 Above average 
<90 - 75 Above average 
<75 - 50 Average 
>25 - <50 Average 
> 1 0  - 25 Less than average 
>5 - 1 0  Less than average 
<5 Retarded 
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4.3. B lood a m ples 
Whole blood samples were drawn into 2 trace element-free vacuum tubes, containing 
sodium heparin (also trace element-free) as anticoagulant. The samples were 
thoroughly mixed at room temperature and immediately transferred to the laboratory 
(UAE University - FMHS Room 2EI 07). One tube was centrifuged immediately for 
5 min at 4000 rotations/min.  Plasma was col lected and stored at -80°C for future 
determinations of calcium, phosphorous, iron, magnesium, selenium, vitamin E and 
itamin  C.  
The second tube ( 1 -2 mL) whole blood was stored at  -30°C for up to 4 months for 
metal determinations. Samples were prepared for I CP-MS analysis by acid digestion 
of whole blood (0 .7- 1 . 5 mL) in a c lose vessel device using temperature-control led 
microwave heating ( 1  min at 85°C MW power I OOOW; 3 . 5  min at 1 3 5°C power 
1 000W; 20 min at 230°C power 1 000W). The acid mixture contained 2.0 mL nitric 
acid, 1 .0 mL hydrogen peroxide, 2 .0 mL deionized-Mi l l i -Q water and 62 .5  /-lL 
internal  standard indium (prepared from a single analytical standard solution). The 
samples were cooled at room temperature; they cooled at room temperature in the 
microwave unit and further di luted with deionized-Mi l l i-Q water; final volume 1 4  
mL. S amples were then transferred to acid-washed 1 5 -mL Conical tubes and stored at 
(4°C) unti l analysis. 
4.4. Reagents and Labware 
Plastic 1 5-mL-Conical tubes (Falcon, UK), 5 -rnL syringes with butterfly needles (25-
22 gage), 5 -mL sterile  vacuum tubes with sodium heparin (Steri lab, UK). Nitric acid 
70% (trace metal certified, analytical grade, redisti l led 99.999% purity, Aldrich, 
USA). Acetone (HPLC grade BDH England). Hydrogen peroxide concentrate 
(Sigma-Aldrich, USA) were used without additional purification. Deionized Mil li-Q 
water (Mi l l ipore, Mi l l i-Q, Bedford, USA; conductivity MQcm . 1 ) was used. 
Analytical standards used for cal ibration were prepared from single analytical 
standard solutions ( l gL· 1 SPEX Plasma Standards, Edison, USA and Promochem AB, 
Sweden). All lab-ware used was polystyrene made and acid-washed (soaking in 30% 
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nitric acid over night). rinsed thoroughly with disti l led and mil l i -Q water and kept in 
PVC bags . 
11 equipments were plastics and were handled l ike the other lab-ware. Non­
powdered gloves were used. Stock solutions of single standard dilutions ( 1 0  mgIL) 
and multi-element calibrators ( 1 00 IlgIL) as wel l  as all other dilutions were made with 
2% nitric acid. 
4.5. I nstruments 
The ICP-MS instrument (plasma Quad 3 ), manufactured by VG Elemental (UK) was 
used to determine lead (Pb), mercury(Hg), arsenic (As), cadmium(Cd) copper (Cu), 
zinc (Zn), cobalt (Co), manganese (Mn), chromium (Cr), antinomy (Sb), nickel (Ni) 
and molybdenum (Mo). Each specimen was analyzed 3 times and the average was 
used. The results were expressed in "parts per bil l ion" (Ppb) or micrograms per l iter 
(1lg!L) .  Detection limit was estimated according to 3 sigma criterion of digested 
sample blank (were calculated as 3 times the SD for the reagent blank). 
4.6. S ta tist ical  Ana lysis 
Data analysis was performed using the SPSS-PC software package, version 1 5 .0 .  
Logistic regression was used to determine significant associations between risk 
factors (blood levels of toxic metals) and the presence of DBD, IQ � 25th percenti le 
and C BCL syndromes (dependent variable indicates chi ldren with DBD; 0= normal;  
1 = subject with ADHD or any other behavioral/developmental disorders). Stepwise 
multi- logistic regression (forward LR method) was used to determine the best metal 
predictor for the presence of each c l inical disorder. 
To assess the extent of the effects of contamination with toxic metals, we 
estimated the change in the odds ratio of DBD for a I ppb increase in blood 
concentrations of Pb, As, Ni, Mn, Cr and Mo, 0. 1 ppb increase for Cd, Co, Sb and Hg, 
1 000 ppb increase for Zn and 1 00 ppb increase for Cu. For example, the odds ratio of 
DBD i ncreases by 3 .6% when the blood concentration of Pb increases by I ppb 
(Table 4 .2b). The change in odds ratio of DBD is calculated as IExp(B) - 1 1  x 1 00 per 
unit increase in  blood concentrations, where negative values represent a decrease in  
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odds of DBD \ hile positive values represent an increase. B is the coefficient of the 
metal blood concentration in the logistic equation. For example, for Pb, the change in 
the odds ratio = 1 1 .036 - 1 1  x 1 00 or 3 .6% increase per 1 ppb increase in Pb. 
Therefore, the odds ratio for each metal or numerical variable can be easi ly calculated 
as shown for Pb. For categorical predictors, the value of Exp(B) represents the ratio 
of the odds of DBD for the target category to the reference category. 
The independent samples t-test was used to compare the mean b lood 
concentrations of toxic metals in the case and control groups. Al l  statistical tests were 
perfonned at the 5% significance level . 
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RESUL TS 
3 1  
5.0 RESULT 
5. 1 .  Blood m etal  concentrations: 
Blood metal concentrations in the entire sample population (n = 1 46) are shown in 
(Table 3). The highest relative standard deviations (coefficient of variations) were for 
cadmium (8 1 %), mercury (83 %), nickel (90%) and antinomy ( 1 05%). 
The values varied markedly among the metals. The odds ratio for Pb, As, Ni, Mn, 
Cr and Mo was calculated for 1 ppb increase. The odds ratio for Cd, Co, Sb and Hg 
'\ as calculated for 0 . 1 ppb increase. The odds ratio for Zn was calculated for 1 ,000 
ppb increase and for Cu for 1 00 ppb increase. 
Ta ble 3 :  Heavy Meta l Concentrations  a mong t h e  Sa m pled 
Subjects (n = 1 46*) 
Median Mean SD Coefficient of Range 
(ppb) (ppb) (PQb) Variation (CV) ((>Q� 
Lead (Pb) 23 .90 25 .86 1 3 .06 5 1 % 6.00 - 68.54 
Cadmium (Cd) 0.27 0.3 1 0.25 8 1 %  0.0 1 - 2 .36 
Arsenic (As) 1 0. 1 0  1 0.74 4 .7 1 44% 1 . 1 2  - 28.05 
Mercury (Hg) 1 . 1 0 1 .39  1 . 1 6  83% 0.04 - 7 . 1 9  
Manganese (Mn) 1 .63 1 . 85 1 .09 59% 0.3 1 - 7 .58 
Nickel (Ni) 7.44 9 . 1 8  8.23 90% 0. 1 5  - 72.39 
Zinc (Zn) 3400 373 1 1 752 47% 735 - 89 1 9  
Chromium (Cr) 1 . 52 2 . 1 0  1 . 53 73% 0.43 - 9.43 
Cobalt (Co) 0.66 0.65 0 .40 62% 0.00 - 2 .8 1 
Copper (Cu) 1 036 1 064 403 3 8% 1 76 - 2907 
Molybdenum (Mo) 1 .28 1 . 59 1 .25 79% 0.0 1 - 6.44 
Antinomy (Sb) 0.47 0.60 0 .63 1 05% 0.00 - 5 .03 
* B lood sample was not avai lable in one subject. 
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S.2. Developmental  and/or behavioral d isorders (DBD) 
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One hundred and forty seven children were assessed; 73 (49. 7  %) were subjects with 
DBD ( learning disabi l ity, attention deficitlhyperactivity disorder, Tics, Tourete 
syndrome andlor Fragile X syndrome) and 74 (50.3%) were controls (chi ldren without 
any known DBD) (Table 4. 1 ) . Simple logistic regression analyses were performed 
where the dependent variable indicated the presence of DBD and the independent 
variables were blood concentrations of the heavy metals (Table 4.2), 
psychosocial/medical (Table 4 .3 )  or syndromes displayed on CBCL (Table  4 .4). 
The mean blood concentrations of lead, cadmium, molybdenum, arsenic, zinc, 
copper nickel and manganese were significantly higher in the chi ldren with DBD 
(Tables 4.2a-b) . Using stepwise multi-logistic regression (forward LR method), the 
best metal predictors for the presence of the c l inical disorders were manganese and 
molybdenum (Nagelkerke R Square = 0.236 and 0.284), (Table 4.2c). 
The odds ratio of DBD increase by 3 .6% when lead concentration increases by 1 
ppb ( i . e . ,  the odds increases by a multiplicative factor of 1 .036), by 344% when 
cadmium concentration increases by 0.0 1 ppb, by 1 44 % when molybdenum 
concentration increases by 1 ppb, by 1 0% when arsenic concentration increases by 1 
ppb, by 30  % when zinc concentration increases by 1 000 ppb, by 1 0  % when copper 
concentration i ncreases by 1 00 ppb, by 1 2  % when nickel concentration increases by 
I ppb, and by 1 24 % when manganese concentration increases by 1 ppb. In contrast, 
b lood concentrations of mercury, antinomy, chromium and cobalt were not 
significantly associated with the presence of DBD (Table 4 .2b). 
With respect to the psychosocial/medical variables, family history of 
developmental problems psychosocial stress, gestational age, postnatal problems 
(e .g . ,  seizure and developmental or behavioral problems), neonatal problems, IQ level 
and behavior syndromes displayed on Child Behavioral Check List (withdrawn, 
attention problems, aggression, delinquent behavior and externalizing) were all 
associated with the presence of DBD (Tables 4 .3-4.4). 
The odds ratio of DBD among children with a family history of developmental 
problems is 3 .9 times higher than the odds ratio of DBD among chi ldren without such 
a family history. Similarly, the presence of psychosocial stress increases the odds 
ratio o f  DBD by a factor of 2 .32 .  The odds ratio of DBD for children whose 
gestat ional age is less than 3 8  weeks is 14 the odds ratio of normal chi ldren (38  to 40 
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weeks) ' whi le the odds ration of DBD for children with a gestational age > 40 weeks 
is not significantly different from that of nonnal chi ldren. The odds ratio of DBD 
increases by a multiplicative factor of 3 .25 in the presence of postnatal problems, 5 .25 
in the presence of a history of seizures, 6.65 in the presence of 
developmentallbeha ioral problems 5 in the case of neonatal problems, and 8 in the 
case of  below average IQ  (Table 4 .3). 
An increase time spent on watching television (TV) and playing games showed 
border- l ine significance for the presence of DBD (p-value 0.052; Table 4 .3) .  
However, watching TV and playing games was significantly associated with the 
presence of ADHD (p-value 0.009) (Table 6.2), attention problem (p-value 0.02 1 )  
(Table 1 0) social (p-value 0.025) and del inquent behavior (p-value 0.0 1 6). By 
contrast, age, gender consanguineous parents, birth weight, birth complications, place 
of l iving, occupation of parents, fmancial problems, source of drinking water, anemia, 
hepatitis, family history of psychiatric i llness, nervous system problems, 
traumatic/major l ife event, chronic i l lness, obstetric history, pregnancy complications, 
somatic complaints, anxiety or depression and thought problems were not 
significantly associated with the presence of DBD (Table 4 .3) .  
Table 4.4a shows the scores of syndromes displayed on CBCL for chi ldren with 
and without DBD. When the score of withdrawn, attention problems, delinquent 
behavior, aggressive behaviors or externalizing increases by one, the odds ratio for the 
presence of DBD increases by 27%, 1 8 .2%, 1 7 .7%, 5 .5% and 4 .5%, respectively 
(Table  4 .4b). 
Using stepwise multi- logistic regression (forward LR method), the best CBCL 
predictors for the presence of the c linical disorders was attention problem 
(Nagelkerke R Square 0. 1 59) (Table 4 .4c). 
3 3  
34 
Ta ble 4. 1 :  Caseness among the Sam pled Su bjects 
N u m ber of 
Percent s u bjects 
Chi ldren with developmental and/or behavioral disorders 
73c 49.7 (DBD)a 
Control groupb 74 50.3 
Total 1 47 1 00 
a, Learning disabi l ity, Attention DeficitIHyperactivity Disorder, Tics, Tourete syndrome or Fragile X 
syndrome. 
b, Chi ldren without known developmental or behavioral disorder. 
c, Blood sample was not avai lable in one subject. 
Table 4.2 a :  B lood Concentrations of the Heavy Metals 
Chi ld re n  with DBD Cont rol  G roup 
Mean SD Mean SD ( ra nge) ( ra nge) 
Lead (Pb) 28 .72 1 4.86 23 .08 1 0.39 ( 6.00 - 68 .54) ( 6. 14- 54.57) 
Cadmium (Cd) 0.36 0.35 0.26 0.08 (0. 1 1 - 2 .36) ( 0.0 1 - 0.49) 
Arsenic  (As) 1 1 .77 4.83 9 .73 4 .39 (3 .62 - 25 .72) ( 1 . 1 1 - 28.05) 
Mercury (Hg) 1 .37  1 .32 1 .40 0.98 ( 0.07 - 7 . 1 9 ) ( 0 .04- 5 .42) 
2 .22 1 . 1 6  1 .49 0.87 Manganese (Mn) (0.59 - 7 .58) ( 0.3 1 - 4 .57) 
1 1 .69 9.73 6.75 5.50 ickel (Ni)  (0 .34 - 72.39) ( 0. 1 5- 30.49) 
4 1 77 1 59 1 .09 3296 1 802 Zinc (Zn) (89 1 - 378) ( 735 - 89 1 9) 
2 . 1 7  1 .45 2 .03 1 .6 1  Chromium (Cr) (0.57 - 9.43) ( 0.43- 8.32) 
0.68 0.37 0.63 0.43 Cobalt (Co) (0.04 - 2.00) ( 0.00 - 2 .8 1 ) 
1 1 55 4 1 5 .60 975 372 Copper (Cu) (433 - 907) ( 1 76 - 2285) 
2 . 1 1  1 .40 
1 .09 0.83 Molybdenum (Mo) (0. 1 3  - 6.44) ( 0.0 1 - 4 .36) 
0.59 0.68 0.605 0.58 Antinomy (Sb) ( 0.00 - 5.03) ( 0.02 - 3 .25) 
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Ta ble 4.2b :  Association between Heavy Meta ls and DBD - Based on 
Sim ple Logistic Regressions 
Coefficien t B Chan ge in Odds 
95% C.I .  for E XP(B) 
P-value Ratio Exp( B) Lower U p per 
Lead (Pb) 0.03 5 1 .036 1 .008 1 .065 0.008 
Cadmium (Cd) 5 .843 344.9 6.06 1 1 9625.9 < 0.00 1 
Arsenic (As) 0.099 1 . 1 04 1 .023 1 . 1 92 0.008 
Mercury (Hg) -0.028 0.973 0.734 1 .290 0.848 
Manganese (Mn) 0.807 2.242 1 .486 3 .384 < 0.00 1 
Nickel (Ni) 0. 1 1 4 1 . 1 20 1 .055 1 . 1 90 < 0.00 1 
Zinc (Zn) 0.000 1 .0003 1 .000 1 .00 1 0.002 
Chrom ium (Cr) 0.063 1 .065 0.859 1 .3 1 9  0.566 
Cobalt (Co) 0.3 1 8  1 . 374 0.604 3 . 1 25 0.445 
Copper (Cu) 0.00 1 1 .00 1 1 .000 1 .002 0.006 
Molybdenum (Mo) 0.894 2 .445 1 .644 3 .637 < 0.00 1 
Antinomy (Sb) -0.045 0.956 0.568 1 .608 0.864 
Simple logIstIc regreSSIOn analyses with dependent vanable mdlcates the chi ldren WIth DBD (0 = 
normal; 1 = subject with learning disabil ity or any behavioral disorder); B :  coeffic ient of independent 
variable  in the simple logistic regression equation; Exp(B): odds ratio; C . l . :  confidence interval; lower: 
lower l imit of95% c . I . ;  upper: upper l imit  of 95% c . l . 
Ta bJe 4.2c:  B est S u bset of Meta l  Predictors of the DBD 
Meta ls Coefficient  B 
Change in Odds Ratio P-value  
Nagelkerke 
Exp (B) R Square 
Manganese (Mn) 0.4 9 1  1 .635 0.0 1 7  0.236 
Molybdenum (Mo) 0.733 2.082 < 0.00 1 0.284 
Constant value for the coefficIent B = - 2 .028 
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Ta ble 4.3 : Associa tion between Psychosocial/med ica l Va riables and  
DBD Based on Sim ple Logistic Regressions 
Coefficient Cha nge in 95% c.1. for 
Odds Ratio EXP( B) P-B value Exp(B) Lower U p per 
Socio-demographic & ellvirollmental jJJctors 
Occupation of father-ref = unemployed 0.6 1 9  1 . 857 0 .924 3 .732 0.08 1 
Occupation of mother-ref = unemployed -0.2 1 1  0 .8 1 0  0 .320 2.048 0 .655 
Consanguineous parents (ref = no) 0.495 1 .640 0 .85 1 3 . 1  64 0 . 1 3 8 
B irth order -0.03 7 0 .964 0 .880 1 .056 0 .429 
Gender (ref= male) 0.430 1 .537 0 .792 2 .979 0 .202 
Age -0.040 0.96 1 0 .804 1 . 1 49 0.662 
Place of l iving (re f =  urban) -0.3 1 2  0.732 0 .380 1 .4 1 2  0 .35 1 
Hours of watching TV & playing games 0.24 1 1 .273 0.993 1 .63 1 0.052 
Source of drinking water-ref = tab water -0. 1 1 6  0 .89 1 0 .457 1 .736 0.734 
Nwnber of fish meals/week 0.088 1 .093 0 .8 l 7  1 .460 0 .549 
Satisfied with school environment (ref -0.264 0 .768 0 .346 1 .704 0 .5 1 5  = no) 
Adequacy alld utilization of health services 
Adequacy of health services (ref = no) -0.499 0.607 0 .290 1 .270 0 . 1 83 
Person consulted for the problems (ref= 0.432 1 .54 1 0 .72 1 3 .295 0 .263 non-medical) 
Potential stressors (ref = 110) 
Financial  problems 0.668 1 .950 0 .6 1 2  6.209 0.25 1 
Parental loss 1 .040 2 .828 0 .844 9.480 0 .077 
Trawna or major l ife event 0.668 1 .950 0 .754 5 .045 0 . 1 63 
Chronic i l lness -0.20 I 0.8 1 8  0.26 1 2 .568 0 .73 1 
Fam i ly psychosocial stress 0 .842 2.32 1 1 .037 5 . 1 95 0.037 
Medical & fa m i ly history (ref= no) 
Hepatit is 0.432 1 .54 1 0 .546 4.347 0 .4 1 2  
Seizure 1 .655 5 .23 1 1 .023 26.736 0 .027 
H istory of deve lopmentaJlbehavior 1 . 895 6.655 2 .362 1 8.756 < 0.001 problems 
Neonatal problems 1 .609 5 .000 1 .757 1 4 .226 0 .00 1 
Anemia -0.0 1 8  0 .982 0.447 2 . 1 57 0 .964 
IQ Level (re f =  average and above) 2.079 7 .994 3 . 722 1 7. 1 69 < 0.00 1  
H istory of abortions/sti l l  birth 0.067 1 .070 0 .544 2 . 1 04 0 . 845 
Family h istory of developmental 1 . 37 1 3 .94 1  1 . 555  9 .986 0 .002 
problems 
Fami ly h istory of psychiatric i l lness 0 .045 1 .046 0 .32 1 3 .4 1 0  0 .940 
Prenatal history (ref = no) 
Obstetric h istory 0.4 1 2  1 . 509 0 .456 4 .996 0 .497 
Pregnancy compl ications 0.434 1 .544 0 .553  4.306 0 .403 
B irth complications 0.45 1 1 . 570 0 .423 5 . 824 0.496 
B irth weight -0. 1 40 0 .869 0 .509 1 .485 0 .607 
Gestational age < 3 8  weeks (ref = 3 8-40 1 .386  0.250 
weeks) 
0.077 0 .808 o .020 
Gestat ional age > 40 weeks (ref= 3 8-40 0 .875 2 .400 0 .780 7 .384 0 . 1 27 
weeks) 
Postnatal problems (20a day to 2 years) 1 . 1 8 1  3 .257 1 .459 7 .267 0 .003 
See legend of table 4 .2b. 
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Ta ble 4.4a : Chi ld Behavior Check List (CBCL) Scores 
Chi ldren with  DBD Con trol Group 
Mean 
SD Mean (ra nge) (ra nge) SD 
Anxious & depression 4.92 4.65 3 .74 (0 - 20) (0 - 1 6) 3 .85 
Withdrawn 3 .45 3.28 1 . 88 (0 - 1 4) (0 - 8) 1 .95 
Somatic complaints 1 .4 1  1 . 84 1 .69 (0 - 7) (0 - 8) 2.3 1 
Social problems 3 .89 3 .04 3 . 1 2  (0 - 1 2) (0 - 8) 2.26 
Thought problems 1 . 1 1 1 .50  0 .77 (0 - 7) (0 - 1 1 ) 1 .67 
Attention problems 7 .42 4 .80 4 .22 3 .89 (0 - 1 9) (0 - 1 4) 
Del inquent behavior 3 .95 3 .87  2.28 2.48 (0 - 1 5) (0 - 1 1 ) 
Aggressive behavior 1 1 .68 9.07 7 .96 7.63 (0 - 33) (0 - 35) 
I nternal izing 9.58 7 .92 7.26 6.50 (0 - 35) (0 - 25) 
Ex'ternalizing 1 5 .63 1 2 .23 1 0.24 9.79 (0 - 48) (0 - 43) 
Ta ble 4.4b :  Association between Ch i ld Behavior Check List 
(CBCL) and DBD 
CBCL syn d romes Coefficient B Change in Odds 
95% C. I .  for EXP( B) 
P-value Rat io Exp(B) Lower U pper 
Anxious & 0.066 1 .068 0.987 1 . 1 56 0.094 Depression 
Withdrawn 0.239 1 .270 1 .098 1 .469 < 0 .00 1 
Somatic complaints -0.065 0.937 0 . 80 1 1 .097 0 .4 1 6  
Social  problems 0. 1 09 1 . 1 1 5  0.985 1 .263 0.08 1 
Thought Problems 0. 1 43 1 . 1 53 0.925 1 .438  0 . 1 88 
Attention Problems 0 . 1 67 1 . 1 82 1 .089 1 .283 < 0.00 1 
Delinquent behavior 0 . 1 63 1 . 1 77 1 .055 1 .3 1 3  0.002 
Aggressive Behavior 0.054 1 .055 1 .0 l 3  1 .099 0.007 
Internal izing 0 .045 1 .046 0.999 1 .096 0 .052 
External izing 0 .044 1 .045 1 .0 1 4  1 .078 0 .003 
Ta ble 4.4c : Best Subset of CBCL Pred ictors of the DBD 
Syn d romes Coefficient B 
Change in Odds Ratio P-value 
Nagelkerke R 
d isplayed on C BC L  Exp(B) Squa re 
Attention Problem 0. 1 67 1 . 1 82 < 0 .00 1 0 . 1 59 
Constant value for the coeffiCIent B = - 0.966 
37  
5.3. Learning disabil ity: 
Forty-two children were identified with learning disabi l ity only. These chi ldren were 
compared with the control group (74 children without any known DBD). Simple 
logistic regression analyses were performed where the dependent variable indicated 
the chi ldren with learning disabil ity only and the independent variables were blood 
concentrations of the heavy metals (Table 5 . 1  b), Psychosocial/medical variables 
(Table 5 .2a) or syndromes displayed on CBCL (Table 5 . 3b) .  
The mean blood concentrations of lead, cadmium, arsenic, manganese, nickel, 
copper and molybdenum were significantly higher in the chi ldren with learning 
disabi l ity (Table 5 . l a-b). Using multi-logistic regression among the significant 
metals, the best metal predictor for the presence of learning disabi lity was only 
molybdenum (Nagelkerke R Square = 0.369; Table 5 . l c) .  
The odds ratio of learning disabil ity increase by 4 . 8% when lead concentration 
increases by I ppb, by 3 8 .4% when cadmium concentration increases by 0. 1 ppb, by 
1 0 . 8% when arsenic concentration increases by 1 ppb, by 1 40% when manganese 
concentration increases by 1 ppb, by 1 7.5% when nickel concentration increases by 1 
ppb, by 1 0% when copper concentration increases by 1 00 ppb, and by 249% when 
molybdenum concentration increases by 1 ppb. I n  contrast, blood concentrations of 
mercury, antinomy zinc, chromium and cobalt were not significantly associated with 
the presence of learning disabil ity (Table 5 . 1  b). 
With respect to the psychosocial and/or medical variables (below average IQ 
level ,  family history of developmental problems, gestational age > 40 weeks, 
postnatal problems (e.g. ,  developmental or behavioral problems), neonatal problems) 
and withdrawn syndromes) were al l  associated with the presence of learning disabi l ity 
(Tables 5 .2a-5 . 3b) .  
The odds ratio for the presence of learning disabi l i ty increases 8 .4 times in the 
children with below average IQ level, 4.4 times in the children with family history of 
developmental problems, 5 times in the children with history of deve lopmental or 
behavioral problems, 4.6 times when there are neonatal problems and in the presence 
of postnatal problems the odds ratio increases 4.6 times. The odds ratio of learning 
disabi l ity for children with gestational age > 40 weeks is equal to 0.045 times the 
corresponding odds ratio for normal chi ldren (38 to 40 weeks); while chi ldren with 
gestational age < 3 8  weeks are not significantly different from normal (38  to 40 
weeks), (Table 5 .2a). 
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The presence of family psychosocial stress was borderline significant for the 
presence of learning disabil ity (p-value 0.053) .  By contrast age, gender, 
consanguineous parents birth weight birth complications, place of l iving, occupation 
of parents, financial problems, source of drinking water, anemia, hepatitis, family 
history of psychiatric i l lness, nervous system problems, traumatic/major l ife event, 
chronic i l lness, obstetric history, pregnancy complications, somatic complaints, 
anxiety or depression and thought problems were not significantly associated with the 
presence of learning disabil ity (Table S .2a) . Using stepwise multi-logistic regression, 
the best psychosocial/medical predictors for the presence of the clinical disorders 
were family history of developmental problems, IQ Level and postnatal problems 
(Nagelkerke R Square = 0.276, 0 .383  0.462, respectively; Table S .2b). Withdrawn 
was the only CBCL syndrome associated with learning disabi l ity (the odds ratio of 
disabi l ity increases by 27% when the withdrawn score increases by one) (Tables 
S .3a-b). 
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Ta ble 5. 1 a :  Blood Concentrations of the Heavy Metals:  
Lea rn ing  Disa bi l ity vs. Control G ro u p  
Lea rning d isabi l ity Cont rol 
(n = 4 1) (n = 74) 
Mea n 
S D  Mean (range) (ra nge) 
Lead (Pb) 29.62 1 3 .62 23 .08 ( 6 .00- 67.28) ( 6 . 1 4  - 54.57) 
Cadmium (Cd) 0.38 0 .34 0.26 ( 0 . 1 3 - 2 .36) (0.0 I - 0.49) 
Arsenic  (As) 1 2.06 5 . 1 9  9.73 ( 5 .55-25 .72) ( 1 . 1 2  - 28.05) 
Mercury (Hg) 1 .27 0.98 1 .40 ( 0 .07- 4 .8 1 )  ( 0 .04 - 5 .42) 
Manganese ( Mn) 2.28 1 . 1 7  1 .49 ( 0.62 -7 .58) ( 0.3 1 - 4 .57) 
ickel (Ni) 1 4. 1 9  1 1 .36 6.75 ( 0.34- 72 .39) ( 0. 1 5  - 30.49) 
Zinc (Zn) 3889 1 245 .00 3296.00 ( 1 325 - 8087) ( 735 .00 - 89 1 9.00) 
Chromium (Cr) 2. 1 3  1 . 1 6  2.03 ( 0 .77- 5 .39) ( 0 .43 - 8 .32) 
Cobalt (Co) 0.66 0 .39 0 .63 ( 0 .07- 2 .00) ( 0 .00 - 2 . 8 1 )  
Copper (Cu) 1 1 37  3 1 1 . 85 975 .00 ( 643  - 1 959) ( 1 76 - 2285) 
Molybdenum (Mo) 2.4 1 1 .30  1 .09 ( 0 . 1 7- 5 .83)  ( 0 .0 1 - 4 .36) 
Antinomy (Sb) 0.57 0 .45 0.60 
(0.05 - 2 .39) ( 0 .02 - 3 .25) 
Table 5. 1 b: Association between H eavy Metals and  
Lea rning Disa bil ity 
Coefficient B Change in Odds 
95% C.I .  for E X P(B) 
Ratio Exp(B) Lower Upper 
Lead (Pb) 0 .046 1 .048 1 .0 1 3  1 .084 
Cadmium (Cd) 1 . 578  4 . 843 27 .5  7773 
Arsenic (As) 0 . 1 03 1 . 1 08 1 .0 1 9  1 .205 
Mercury (Hg) - 0. 1 45 0.865 0 .575 1 .3 03 
Manganese (Mn) 0 .876 2 .402 1 .469 3 .926 
Nickel (Ni) 0 . 1 6 1  1 . 1 75 1 .090 1 .266 
Zinc (Zn) 0.000 1 .000 1 .000 1 .000 
Chromium (Cr) 0 .045 1 .046 0 .808 1 . 355  
Cobalt (Co) 0. 1 83 1 .20 1 0 .480 3 .003 
Copper (Cu) 0.00 1 1 .00 1 1 .000 1 .002 
Molybdenum (Mo) 1 .249 3 .486 2.06 1 5 . 896 
Antinomy (Sb) - 0 . 1 27 0 .880 0.42 1 1 . 840 
40 
SD 
1 0.39 
0 .08 
4 .39  
0 .98 
0 .87 
5 .50 
1 80 1 .00 
1 .6 1  
0 .43 
372 
0 .83  
0 .58  
P-value 
0.005 
< 0.00 1 
0.0 1 3  
0.48 1 
< 0 .00 1 
< 0 .00 1 
0.065 
0.732 
0.697 
0 .020 
< 0 .00 1 
0.732 
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Ta ble S. l e :  Best Subset of Metal Predictors for 
Lea rn ing  Disabi l i ty 
4 1  
Coefficient B Change in Odds P-value Nagelkerke R Ratio Exp ( B) Square 
Molybden u m  ( M o) 1 .249 3 .486 < 0.00 1 0.369 
Constant vaJue for the coefficIent B - -2.608 
Ta ble S.2 a :  Association between PsyehosoeiaVrned ieal  Va riables 
a n d  Lea rn ing  Disab i l ity 
Coefficien t Change i n  
95% C. I .  for 
Odds Ratio E X P( B) P-B 
Exp(B) Lower I Upper value 
Socio-demographic & environmental Jactors 
Occupation of father (ref = unemployed ) 0.65 1 1 .9 1 7  0 .832 4 .4 1 3  0. 1 26 
Occupation of mother-ref = unemployed ) -0.336 0.7 1 4  0 .249 2 .05 1 0 .535 
Consanguineous parents (ref = no) 0.684 1 .983 0.9 1 5  4.297 0.08 1 
Birth order 0.0 1 3  1 .0 1 3  0 .9 1 5  1 . 1 22 0.803 
Gender (ref = male) -0.067 0.935 0 .43 8 1 .997 0 .862 
Age -0. 1 30 0.878 0 .694 1 . 1 1 0  0 .266 
Place o f  living (ref = urban) -0.53 1 0 .588 0.268 1 .293 0. 1 82 
Hours o f  watching TV & £laying games 0.050 1 .05 1 0.786 J .407 0 .736 
Source of drinking water (ref = tab water) -0.533 0 .587 0 .272 1 .267 0 . 1 74 
Number of fish meals/week 0. 1 3 0  1 . 1 39 0 .822 1 .577 0.433 
Satisfied with school environment (ref = 0. 1 42 1 . 1 53 0 .424 3 . 1 3 5 0.780 no) 
Adequacy and utilizatio1l oj health services 
Adequacy of health services (ref = no) -0 .3 8 1  0.683 0 .286 1 .630 0 .393 
Person consulted for the problems (ref = 0.356 1 .428 0 .58 1 3 .509 0 .440 non-medical) 
Potential stressors (reJ= no) 
Financial problems 0.345 0 .588 1 .4 1 2  0 .405 0 .587 
Parental loss 0.65 1 1 .9 1 7  0.453 8 . 1 1 6 0 .380 
Trauma or major l ife event 0.655 1 .925 0.639 5 .797 0 .249 
Chronic i l lness - 1 .492 0 .225 0.027 1 .898 0 . 1 08 
Fami ly psychosocial stress 0.895 2 .448 0.989 6.056 0.053 
MedicaL & fa m By history (reJ= no) 
Hepatitis 0.408 1 .504 0.468 4 .835 0.495 
Seizure 0.693 2.000 0.259 1 5 .452 0.5 1 0  
H istory of developmentallbehavior 1 .607 4 .987 
problems 
1 . 593 1 5 .609 0.004 
Neonatal problems 1 . 529 4 .6 1 3  1 .475 1 4.429 0.006 
Anemia -0.346 0.708 0.264 1 . 897 0.486 
4 1  
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IQ Leve l ( re f =  average and above) 2. 1 34 8 .446 3 .539 20. 1 60 < 0.00 1 
History of abort ions/sti l l  birth 0.379 1 .460 0.664 3 .2 1 4  0.347 
Fam i ly history of developmental 1 .492 4 .444 1 .604 1 2 . 3 1 4  0.003 problems 
Fami ly history of psychiatric i l lness 0.23 1 1 .259 0.334 4 .752 0.735 
Prenata/ history (ref= 110) 
Obstetric history 0. 1 1 2 1 . 1 1 9 0.253 4 .945 0 .883 
Pregnancy compl ications 0.285 1 .329 0. 394 4 .489 0 .649 
Birth complications -0.099 0.905 0 . 1 58 5 . 1 80 0.9 1 1 
Birth weight -0. 1 92 0.825 0.430 1 .583 0.562 
Gestational age < 38 weeks (ref = 38-40 -0.753 0 .47 1 0. 1 36 1 .626 0.234 weeks) 
Gestational age > 40 weeks (ref= 3 8-40 -3 . 1  09 0.045 0 .004 0.456 0.009 weeks) 
Postnatal problems (2"0 day to 2 years) 0.962 2.6 1 7  1 .044 6 .558  0 .040 
See legend to Table 4.2b. 
Table 5.2b :  Best Subset of Psychosocia llMedical P redictors of 
Lea rn ing  Disabil ity 
Coeffic ient Chan ge i n  Odds P-value Nagelkerke R 
B Ratio Exp( B) Squa re 
Fami ly history of 2.3 1 2  developmental problems 1 0.094 
< 0.00 1 0.276 
IQ Level (ref= average and 2 .284 9 .8 1 4  0.007 0.3 83 
above) 
Postnatal problems (200 day to 2. 1 95 2 years) 
8.982 0 .007 0.462 
Constant value for the coeffiCient B = -2 . 1 06 
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Ta ble 5.3a : C h i ld Behavior Check List Scores : 
Lea rni n g  Disa bi l ity vs. Control G ro u p  
Learn ing d i  ab i l i ty Control 
(11=42) (n=74) 
Mean 
SD M ea n  (ra nge) ( ra nge) 
Anxious & depression 3 . 1 2  3 . 1 7  3 .74 (0 - 1 5) (0 - 1 6) 
Withdrawn 3 .45 3 . 3 1 1 . 88  (0 - 1 4) (0 - 8) 
Somatic complaints 1 .00 1 .47 1 .69 (0 - 5) (0 - 8) 
Social problems 2.43 2.35 3 . 1 2  ( 0  - 9) (0 - 8) 
Thought problems 0.69 0.98 0.77 (0 - 4) (0 - 1 1 ) 
Attention problems 5. 1 7  3 . 82 4.22 (0 - 1 5) (0 - 1 4) 
Delinquent behavior 2.36 3 . l 3  2 .28 (0 - 1 2) (0 - 1 1 ) 
Aggressive behavior 6.88 6 .57 7 .96 (0 - 29) (0 - 35)  
Internal izing 7.40 6.54 7.26 (0 - 29) (0 - 25)  
Externalizing 9.24 9.08 1 0.24 (0 - 40) (0 - 43 ) 
SD 
3 .85 
1 .95 
2 .3 1 
2.26 
1 .67 
3 . 89 
2.48 
7.63 
6.50 
9.79 
Table 5.3b :  Association between Chi ld  Behavior Check List 
(CBCL) a n d  Lea rn ing  D isabi l i ty 
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CBCL synd romes Coeffic ient  B Chan ge i n  Odds 
95% c.1. for E X P( B) 
P-value Ratio Exp( B) Lower U pper 
Anxious & -0.050 0 .95 1 0 .852 1 .062 0 .364 Depression 
Withdrawn 0.23 8 1 .269 1 .080 1 .492 0.002 
Somatic complaints -0. 1 83 0 .833 0 .674 1 .028 0 .072 
Social problems -0. 1 3 6  0 .873 0 .735 1 .037 0 . 1 1 5 
Thought Problems -0.040 0 .96 1 0.732 1 .262 0.773 
Attention Problems 0.063 1 .065 0.966 1 . 1 74 0.205 
Del inquent behavior 0.0 1 0  1 .0 1 0  0 .879 1 . 1 6 1  0.889 
Aggressive Behavior -0.022 0.979 0.927 1 .034 0.434 
Internal izing 0.004 1 .004 0.947 1 .064 0.906 
External izing -0.0 1 1  0 .989 0.949 1 .030 0 .580 
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S.4. Attent ion DeficitlHyperactivity Disorder (ADHD):  
44 
ixteen subjects had ADHD only. These chi ldren were compared with the control 
group ( 74 children without any disorder). Simple logistic regression analyses were 
performed where the dependent variable indicated the chi ldren with ADHD only and 
the independent variables were blood concentrations of the heavy metals (Table 6. 1 )  
psychosocial/medical (Table 6.2) or syndromes displayed o n  CBCL (Table 6.3) .  
The mean blood concentrations of lead, manganese, zinc and copper were 
significantly higher in the children with ADHD (Table 6. 1 a-b); the best predictors 
were manganese and zinc (Nagelkerke R Square = 0. 1 78 and 0.252, Table 6. 1 c). The 
odds ratio of ADHD increase by 6. 1 % when lead concentration increases by 1 ppb, 
by 1 1 8% when manganese concentration increases by 1 ppb, by 20% when zinc 
concentration increases by 1 000 ppb, by 20% when copper concentration increases 
by 1 00 ppb. I n  contrast, blood concentrations of the other metals were not significant 
(Table  6 . 1 b). The odds ratio for ADHD increases 4 .7  times with below average IQ, 
0.24 times with fami ly history of abortion/sti l l  birth problems. The odds ration of 
ADHD for children with adequate health services is 0.24 times the corresponding 
odds ratio in the absence of adequate health services. The odds ratio of ADHD 
increases by 68% when the time watching television increases by 1 hour. The odds 
ratio o f  ADHD for children with gestational age > 40 weeks is 8 . 8  times the odds ratio 
of normal chi ldren (38  to 40 weeks) (Table 6.2a). 
When the score for anxiety and depression, social problem, attention problem, 
delinquent, aggressive behavior, internalizing and external izing increases by one, the 
odds ratio of ADHD increase by 1 9%, 63%, 35%, 62%, 1 6%, respectively (Tables 
6 .3a-b). Attention problem was the best predictor of ADHD (Nagelkerke R Square = 
0.349; Table 6 .3c) .  
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Table 6. 1 a :  Blood Concentrations of the Heavy Metals :  ADHD 
vs.  Control 
A D H D  Con trol 
Mean 
SD Mea n  ( ra nge) (range) SD 
Lead (Pb) 34.46 1 8.66 23.08 (8 .40 - 68.54) (6. 1 4  - 54.57) 1 0.39 
Cadmium (Cd) 0.27 0 .06 0.26 (0. 1 3 - 0A l )  (0. 0 1  - 0.49) 0.08 
Arsenic  (As) 1 1 . 3 1 4 . 1 5  9.73 (3 .62 - 1 8 .64) ( 1 . 1 2 - 28 .05) 4 .39 
Mercill)' (Hg) 1 .94 2.2 ] 1 .40 (0.09 - 7. 1 9) (0.04 - 5 .42) 0.98 
Manganese (Mn) 2.36 1 .2 1  1 .49 ( 1 . 1 8  - 5.00) (0.3 1 - 4 .57) 0 .87 
Nickel (Ni)  8.54 5.27 6.75 ( 1 .60 - ] 9. 74) (0. 1 5  - 30A9) 5 .50 
Zinc (Zn) 5078 1 977.00 3296 1 806.00 ( 1 896 - 8378) (735 - 89 1 9) 
Chromium (Cr) 2 . 1 4  1 .30  2.03 1 .6 1  (0 .59 - 4A6) (0.43 - 8 .32) 
Cobalt (Co) 0.75 0 .39 0 .63 0 .43 (0.05 - 1 .62) (0 - 2 .8 1 )  
Copper (Cu) 1 26 1  458 975 372 (766 - 2302) ( 1 76 - 2285) 
Molybdenum (Mo) 1 .3 7  0 .93 1 .09 0.83 (0 .33 - 3 .4 1 )  (0.0 1 - 4 .36) 
Antinomy (Sb) 0 .78  1 .22 0.60 0 .58 (0.0 1 - 5 .03) (0.02 - 3 .25) 
Ta ble 6. 1 b : Association between Heavy Meta ls a n d  ADHD 
Coeffic ient  Cbange in  Odds 95% C. I .  for E XP(B) 
P-va lue B Ratio Exp(B) Lower Upper 
Lead ( Pb) 0 .060 1 .06 1 1 .0 1 9  1 . 1 05 0.003 
Cadmium (Cd) 2 . 1 09 8.24 1 0 .007 9 1 89 0.553 
Arsenic (As) 0 .077 1 .080 0.96 1 1 .2 1 4  0.202 
Mercill)' (Hg) 0.269 1 . 309 0.909 1 . 885 0. 1 59 
M anganese (Mn) 0.780 2 . 1 8 1  1 .292 3 .682 0.003 
N ickel (Ni) 0.055 1 .056 0.964 1 . 1 5 8 0.248 
Zinc (Zn) 0.0004 1 .0002 1 .000 1 . 00 1 0.00 1 
Chromium (Cr) 0 .044 1 .045 0.745 1 .466 0.80 1 
Cobalt ( Co) 0 .607 1 .835 0.565 5 .956 0 .32 1 
Copper (Cu) 0 .002 1 .002 1 .000 1 .003 0.0 1 3  
Molybdenum (Mo) 0 .349 1 .4 1 8  0.79 1 2. 542 0.25 1 
Antinomy (Sb) 0.273 1 . 3 1 4  0.698 2.474 0.4 1 5  
Table 6. 1 c :  Best Subset o f  Meta l  Predictors for ADHD 
Meta ls Coefficient B 
Change i n  Odds Ratio P-value 
Nagelkerke R 
Exp (B) Squa re 
Manganese (Mn) 0.624 1 .866 0.032 0 . 1 78 
Zinc (Zn) 0.000 1 .000 0.0 1 8  0.252 
Constant value for the coeffiCIent B = -4 .209 
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Table 6.2 : Association between Psychosocia llMedical  Va riables 
and ADHD 
Coefficient Change in 95% C. l .  for 
Odds Ratio E XP( B) p-B value Exp( B) Lower U pper 
Socio-demo/?raphic & environmental factors 
Age -0.070 0.932 0.694 1 .253 0.63 8 
Gender (ref - male) 0.626 1 . 870 0.59 1 5 .9 1 6  0 .276 
Birth order -0. 1 55 0.856 0.707 1 .037 0.086 
Consangu ineous parents (ref - no) 0. 1 88 1 .207 OA05 3 .598 0.737 
Occupation of father (ref - unemployed ) 0.399 1 .49 1 0 .494 4 .497 0.48 1 
Occupation of mother (ref = unemployed ) 0.852 2.344 0 .278 1 9.745 0.3 88  
Place of l iving (ref - urban) -0.348 0.706 0.232 2 . 1 43 0.535 
Hours of watching TV & playing games 0.009 1 .676 1 . 1 32 2.48 1 0.009 
Source of drinking water (ref = tab water) 0.934 2 .543 0 .664 9.736 0. 1 46 
Number of fish meals/week -0.07 1 0 .93 1 0 .548 1 . 583 0.79 1 
Satisfied with school environment-ref =no -0.340 0 .7 1 2  0. 1 99 2 .542 0 .607 
Adequacy and utilization of health services 
Adequacy of health services (ref = no) 1 .443 0.236 0 .076 0 .729 0.0 1 2  
Person consulted for the problems (ref = 1 .083 2.953 0.928 9.398 0.07 1 non-medical) 
Potential stressors (ref = no) 
Fami ly psychosocial stress 0.6 1 4  1 . 848 0 .503 6 .790 0 .369 
Financial problems 1 .099 3 .000 0.473 1 9.039 0 .247 
Trauma or major l ife event 1 .0 1 2  2.750 0 .7 1 4  1 0.594 0 . 1 5 8 
Parental loss 1 . 38 1 3 .98 1 0.796 1 9.9 1 5  0 . 1  08 
Chronic i l lness 0.73 1 2.077 0.474 9 . 1 09 0 .35 1 
Medical & fa m ily history (ref = flO) 
IQ Level  (re f =  average and above) 1 . 546 4 .692 1 .488  1 4 .796 0 .009 
Neonatal problems 1 .466 4 .333  1 .0 1 5  1 8.508 0.057 
History of deve lopmentallbehavior 0.8 1 8  2 .267 0 .394 1 3 .055 0 .384 problems 
Seizure 0.887 2.429 0 . 1 93 30.626 0.5 1 3  
Hepatitis -0.622 0 .537 0 .057 5 .07 1 0. 566 
Anemia 0. 1 3 6  1 . 1 46 0.325 4 .044 0.834 
H istory of abortions/sti l l  birth - 1 .4 1 3  0.243 0.05 1 1 . 1 54 0.043 
Fam i ly h istory of deve lopmental problems 0.792 2 .209 0 .504 9.676 0 .3 1 3  
Fami ly h istory of psychiatric i l lness - 1 9.756 0 .000 0 .000 0 . 1 1 8 
Prenatal history (ref= no) 
Obstetri c  h istory -0.083 0.920 0 . 1 00 8 .458  0 .94 1 
Pregnancy complications 0.3 1 3  1 . 367 0.256 7 .290 0.720 
Birth complications 0. 1 1 0 1 . 1 1 7  0 . 1 1 6  1 0.7 1 9  0 .925 
Birth weight 0. 1 28 1 . 1 37 0 .488  2 .650 0 .767 
Gestational age < 38 weeks (ref = 3 8-40 0.095 1 . 1 00 
weeks) 
0. 1 94 6.247 0.9 1 4  
Gestational  age > 40 weeks (ref = 3 8-40 2 . 1 75 8 . 800 
weeks) 
1 .874 4 1 .323 0 .006 
Postnatal problems (2na day to 2 years) 0 .63 1 1 . 879 0 .5 1 2  6 .898 0.356 
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Ta ble 6.3a : Ch i ld Behavior Check List Scores : ADHD vs. 
Control  
A O H D  Control 
M ea n  
S O  Mean (ra nge) (ran !!e) S O  
Anxious & depression 8 .00 6.09 3 . 74 (2 - 20) (0 - 1 6) 3 .85 
Withdrawn 3 .06 3 .62 1 . 88  (0 - 1 4) (0 - 8) 1 .95 
Somatic complaints 1 .25 1 .53  1 .69 (0 - 5) (0 - 8) 2.3 1 
Social problems 6.50 3 .29 3 . 1 2  (2 - 1 2) ( 1 1 - 8) 2.26 
Thought problems 1 .3 8  1 .59 0.77 (0 - 5) (0 - 1 1 ) 1 .69 
Attention problems 1 0.56 4 .90 4 .22 (3 - 1 7) (0 - 1 4) 3 .89 
Delinquent behavior 7 .38  3 . 72 2.28 (0 - 5) (0 - 1 1 ) 2 .48 
Aggressive beha ior 1 9.56 8.24 7.96 7.63 (5 - 330  (0  - 35)  
I nternalizing 1 2 . 1 9  9.30 7.26 6.50 (4 - 35) (0 - 23) 
Externalizing 26 .94 1 0.69 1 0.24 9.79 ( I I - 48) (0 - 43)  
Table 6.3 b :  Association between Ch i ld Behavior Check List 
(CBCL) and ADHD 
CBCL synd romes Coefficien t Change in Odds 
95% C.L for E X P( B) 
P-va lue  B Ratio Exp( B) Lower Upper 
Anxious & Depression 0 . l 75 l . l 9 1  1 .063 1 . 335  0.002 
Withdrawn 0. 1 82 1 .200 0.974 1 .478 0 .087 
Somatic complaints -0. 1 03 0.902 0.683 1 . 1 9 1  0.449 
Social problems 0.49 1 1 .633 1 .249 2 . 1 36 < 0.00 1 
Thought problems 0 . 1 77 1 . 1 94 0 .904 1 .576 0.223 
Attention problems 0.3 0 1  1 . 35 1 1 . 1 70 1 .559 < 0.00 1 
Delinquent behavior 0 .4 8 1  1 .6 1 7  1 .295 2 .0 1 9  < 0 .00 1 
Aggressive behavior 0. 1 45 1 . 1 56 1 .077 1 .24 1 < 0.00 1 
Internalizing 0.083 1 .087 l .0 1 3  1 . 1 66 0 .0 1 9  
Externalizing 0 . 1 23 1 . 1 3 1  1 .068 1 . 1 98 < 0.00 1 
Table 6.3c : Best Su bset of CBCL Pred ictors of ADHD 
Syn d romes Coefficien t Change in Odds Rat io P-va lue  
Nagelkerke R 
d isplayed on CBCL B Exp(B) Squ a re 
Attention 2.939 1 8 .889 < 0.00 1 0.349 
Constant value for the coeffiCIent B = -2.428 
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5.5. Cognit ion ( IQ level) :  
Fifty-nine subjects had IQ levels below average (s 25th percenti le) of whom 13 (22%) 
were in the control group (i .e . ,  without any DB D) 38 (64%) in the learning disabi l ity 
group, and 8 ( 1 4%) in the ADHD group (Table 7 . 1 ). Tables 7 .2a-c show the 
ignificant associations in the control group with IQ S 25th percenti le. 
In  the control group the mean blood concentrations of manganese, nickel, cobalt 
and copper were significantly higher in the subjects with IQ S 25th percenti le than 
those with IQ > 25th percenti le (Table 7 .2a). The odds ratio of IQ S 25th percenti le 
increases by 1 1 9% when manganese increases by 1 ppb by 1 1  % when nickel 
increases by 1 ppb, by 50.2% when cobalt increases by 0. 1 ppb, by 40% when copper 
increases by 1 00 ppb. The best predictor was Copper (Nagelkerke R Square = 0.327; 
Table 7 .2b). The presence of traumatic l ife event and obstetric history increase the 
odds of  IQ S 25th percenti le by a factor of 6.33 and 8 .85 ,  respectively (Table 7.2c). 
The other ariables, including CBCL syndromes were not significant. 
We next compared all subjects with IQ .:s 25th percentile (59 children) with those 
with IQ > 25th percentile (88 children) (Tables 8 . l a  - 8 .3b) .  The mean blood 
concentrations of cadmium, arsenic, manganese, nickel, copper and molybdenum 
were significantly higher in chi ldren with IQ .:s 25th percenti le than those with IQ > 
25th percenti le (Table 8 . 1 a) .  The odds ratio of IQ .:s 25th percenti le increase by 247% 
when cadmiwn increases by 0. 1 ppb, by 8 .2% when arsenic increases by 1 ppb, by 
78 .9% when manganese increases by 1 ppb, by 5 . 7% when nickel increases by 1 
ppb, by 20% when copper increases by 1 00 ppb, and by 3 3 .6% when molybdenum 
increases by 1 ppb. The best predictor was Copper (Nagelkerke R Square = 0.2 1 1 ;  
Table  8 . l b) .  Neonatal problems, history of developmentallbehavioral problems, and 
seizure increase the odds ratio of IQ .:s 25th percenti le by a factor of 3 .06, 2 .32 and 
6.9 1 ,  respectively, see (Table 8 .2) .  Attention problems and del inquency increase the 
odds o f  IQ .:s 25th percentil e  by a factor of 8 . 1  % and 1 2%, respectively (Table 8. 3a) .  
The best predictor of IQ .:s 25th percenti le was delinquency (Nagelkerke R Square = 
0.050 Table 8 . 3b) .  
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Ta ble 7. 1 :  IQ Level Distri bution 
N u m ber of Subjects 
(%) 
lQ � 25th percent i le IQ > 25th percent i le Total  
Con t ro l  group 1 3  6 1  ( 1 8%) (82%) 74 
Lea r n i n g  d isab il i ty 38  1 8  (68%) (32%) 56 
A D H D  8 8 1 6  (50%) (50%) 
Tic syn d rome 0 1 1 
Tota l  59 88  1 47 (40%) (60%) 
Ta ble 7.2 a :  Control Group:  Significan t  association between Heavy 
M eta ls and  IQ < 25th percenti le  
Coefficient B Change i n  Odds 
95% C.l. for EXP( B) 
P-value Ratio Exp(B) Lower U pper 
Manganese ( Mn) 0.783 2. 1 87 1 . 1 35 4 .2 1 4  0 .0 1 7  
N ickel (Ni) 0. 1 06 1 . 1 1 1  1 .002 1 .233 0 .04 1 
Cobalt (Co) 1 . 795 6.022 1 .2 1 1  29.934 0.0 1 1 
Copper (Cu) 0.004 1 .004 1 .00 1  1 .006 <0.000 
Table 7.2 b :  Control Group :  Best Subset o f  Metal  Predictor for 
IQ < 25th percenti le 
M eta ls Coefficient B 
Cbange i n  Odds Ratio P-value 
Nagelkerke R 
Exp ( B) SQuare 
Copper (Cu) 0.004 1 .004 0.00 1 0.327 
Constant value for the coeffic ient B = -5 .396 
Ta ble 7.2c: Control Group : Significan t  association between 
Psycbosocia l/M ed ical  Va riables a nd IQ < 25th percenti le 
Coefficient Cbange i n  Odds 95% c.1 .  for E X P( B) P-value 
B Ratio Exp(B) Lower U pper 
Trauma or major l ife event 1 . 846 6.333 1 .339 29.959 0.024 
Obstetric h istory 2 . 1 80 8 .850 1 .3 1 0  59.802 0.026 
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Table 8. 1 a :  Sign ifica n t  Association between Heavy Metals and 
I Q  < 25th percenti le in  a l l  Subj ects * 
Coefficient B Cha nge in Odd 95% CI .  for E X P( B) P-value Ratio Exp( B) Lower Upper 
Cadmium (Cd) 3 .245 25.67 1 0.863 764.057 0.007 
Arsenic (As) 0.078 1 .082 1 .006 1 . 1 63 0.03 1 
Manganese ( Mn) 0.582 1 .789 1 .247 2 .567 0.00 1 
Nickel (Ni) 0.055 1 .057 1 .004 1 . 1 1 1  0.0 1 8  
Copper (Cu) 0.002 1 .002 1 .00 1 1 .004 < 0.00 1 
Molybdenum (Mo) 0 .290 1 .336 1 .0 1 6  1 .756 0.034 * ;Ul � LD , Al l  subjects with IQ .::: 25 percent.i le (59 chl ldren) were compared With a l l  subjects wlIh IQ > 25 
percenti le (88  chi ldren); see Table 7 . 1 .  
Table 8. 1 b: Best Subset of Metal Predictors for IQ < 25th 
percenti le  
M eta ls Coefficient B Change i n  Odds Ratio P-va l u e  Nagelkerke R Exp ( B) Square 
Copper (eu) 0.002 1 .002 < 0.00 1 0 .2 1 1 
Constant value for the coefficIent B = -2 .58 1 
Ta ble 8.2 : S ign ifican t  Association between Psychosocia llMedical  
Variables and I Q  < 25th percent i le  
Coefficient Change in Odds 95% CI. for EXP(B) P-value 
Ref =No 
B Ratio Exp( B) Lower Upper 
Neonatal problems 1 . 1 1 8  3 .059 1 .245 7 .5 1 7  0.0 1 3  
H istory of developmentaV 0.840 2 .3 1 7  1 .00 1 5 .364 0.048 
behavior problems 
Seizure 1 .933 6.909 1 .346 35 .477 0 .009 
Table  8.3a : Sign ifican t  association between C BCL synd romes 
a n d  IQ < 25th percenti le 
Change in Odds 
95% CI. for 
Coefficient E X P( B) P-value 
B Ratio E x p( B) 
Lower Upper 
Attention Problems 0 .077 1 .08 1 1 .005 1 . 1 62 0.034 
Delinquent behavior 0 . 1 1 9 1 . 1 27 1 .0 1 8  1 .248 0.0 1 9  
Ta ble 8.3 b :  Best Su bset o f  CBCL Pred ictor for I Q  < 25th Percen ti le  
M et a ls Coefficient B 
Change in Odds Ratio P-va lue  Nagelkerke R Exg (B) �9ua re 
Delinquent 0 . 1 1 9 1 . 1 27 0.02 1 0.050 
Constant value for the coeffiCIent B = -0.78 1 
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5.6. B L yndrome (anxiety/depression, withdrawn somatization, social 
pr blem , attention deficit, delinquency and aggression) 
ignificant associations bet\: een the heavy metal levels and CBCL syndromes are 
hown in (Tables 9. 1 -9. 1 0) '  the data are summarized in (Table 9 . 1 1 ). I n  these 
analy es, ubjects with a B L syndrome were compared with the control subjects 
without any known DBD or the CBCL syndrome. Otherwise, the remaining 1 0  
metal \ ere positively associated with CBCL syndromes (Table 9. 1 1 ) ; mercury was 
not as ociated with any CB L syndrome. Seven metals were the best predictors of 
B L yndrome . ickel \J as the best predictor (Nagelkerke R Square ranged from 
0 .322 to 0 .3 86) for attention deficit, del inquency and aggression. Cadmium was the 
b st predictor (Nagelkerke R quare, 0 .352) for withdrawn. Cobalt was the best 
predictor (Nagelkerke R quare, 0 .305) for somatization. Zinc was the best predictor 
agelkerke R quare ranged from 0. 1 80 to 0.3 80) for somatization attention deficit, 
delinquency and internalization. Copper was the best predictor (Nagelkerke R Square 
ranged from 0. 1 07 to 0. 1 92) for anxiety/depression, social problems internalization 
(anxiety/depression, somatization and withdrawn) and externalization (del inquency 
and aggression) . Chromium wa the best predictor (Nagelkerke R Square, 0 . 1 24) for 
thought problems. Molybdenum was the best predictor (Nagelkerke R Square, 0.032) 
for externalization. 
Table 1 0  shows the significant associations between various psycho-social­
medical variables and attention deficits (a critical component in DBD). 
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Table 9. 1 :  Sign ificant  Association between Heavy M etals and 
AnxietylDepression • 
Coefficient B Cha nge in Odd 
95% c. 1 .  for E X P( B) 
P-value Ratio Exp( B) Lower U pper 
Cadmium (Cd) 2.3 1 3  1 0. 1 0 1  0.290 352 .24 1 0.047 
Copper (Cu) 0.002 1 .002 1 .000 1 .004 0.0 1 8  
* Nine ub ects with anxie Ide ression ty p 6 with and 3 without OBO were com ared with the 7 1  ) p 
control subjects without any known disorder, including anxiety/depression. The best predictor was 
copper; agelkerke R quare 0. 1 34 ;  onstant = -4 .3 1 8 . 
Table 9.2 : Sign ifica n t  Association between H eavy M etals and 
Withdrawn Syn d rome· 
Coefficient B Cha nge in Odds 
95% C.I. for E X P(B) 
P-va lue Rat io Exp( B) Lower U pper 
Cadmium (Cd) 2.0 1 8  7.524 1 .607 3 5 .225 0 .000 
Manganese ( Mn) 0.786 2 . 1 94 1 . 1 02 4.367 0.027 
N ickel (Ni) 0. 1 5 1  1 . 1 63 1 .03 1 1 .3 1 2  0.0 1 0  
Molybdenum ( Mo) 1 . 1 07 3 .024 1 .3 86 6.597 0.004 
* Se en sub· ects with withdrawn all with OBD ) were com p ared with the 74 control sub· ects without 
any known disorder. The best predictor was cadmium; Nagelkerke R Square 0 .352;  Constant = -5.54. 
Table 9.3 : Sign ifica n t  Association between Heavy Metals 
and  Somatization 
* 
Coefficient  B 
Change in Odds 95% C.I .  for E X P(B) P-value 
Ratio Exp(B) Lower U pper 
Lead ( Pb) 0.072 \ . 075 1 .0 1 3  1 . 1 4 1  0 .0 1 8  
Zinc (Zn) 0.00 1 1 .00 1 1 .000 1 .00 1 0 .002 
Cobalt  (Co) 1 .662 5 .27 1 1 .09 1 25.477 0 .024 
* Nine sub' ects with somatic syndrome (2 with and 7 without DB D) were compared with the 67 control � 
subj ects without any known d isorder, including somatization. The best predictors were zinc and cobalt 
(Nagellcerke R Square 0.239 and 0.305, respectively); Constant= -5 . 1 94 .  
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Ta ble 9.4 : ignifica nt  Association between Heavy Meta ls 
and  ocial Problems * 
Coefficient B Cha nge in Odd 95% C. I .  for EXP(B) P-value Ratio Exp(B) Lower Upper 
Manganese (Mn) 0.574 1 .775 1 .022 3 .083 0.046 
Copper (Cu) 0.002 1 .002 1 .000 1 .003 0.026 
Molybdenum (Mo) 0.7 1 5  2.045 1 .083 3 .86 1 0.028 * Ele en subjects with social problems (9 With and 2 without DBD) were compared with the 72 control 
subjects without any known disorder. The best predictor was copper; Nagelkerke R Square 0. 1 07 ;  
onstant = - 3  667. 
Table 9.5 : Significan t  Association between Heavy Metals and 
Thought P roblems 
* 
Coefficient B Change i n  Odd 
95% C. l .  for EXP(B) 
P-value Ratio Exp(B) Lower I Upper 
Chromium (Cr) 0.377 1 .457 1 .037 I 2.048 0.034 
" Seven sub ects with thou ht g p roblems 4 with and 3 without behavioral and/or develo p mental 
disorder) were compared with the 7 1  control subjects without any known disorder. The best predictor 
was chromium; Nagelkerke R quare 0. 1 24 ;  Constant = -3 .339.  
Table 9.6 : Signi fican t  association between Heavy Metals a nd 
Lead ( Pb) 
Arsen i c  (As) 
Manganese (Mn) 
Nickel (Ni) 
Zinc (Zn) 
Cobalt (Co) 
Copper (Cu) 
• * Atten hon Problems 
Coefficient Cbange in  Odds 95% c. l .  for EXP(B) 
B Ratio Exp(B) Lower Upper 
0.03 8 1 .039 1 .002 1 .077 
0. 1 1 7 1 . 1 25 1 .007 1 .256 
0.826 2.285 1 .400 3 .730 
0 . 1 24 1 . 1 32 1 .036 1 .238 
0 .0003 1 .0003 1 .000 1 .00 1 
1 . 1 1 5  3 .050 0.97 1 9.573 
0.002 1 .002 1 .00 1 1 .003 
P-value 
0.035 
0.03 1 
0.000 
0.00 1 
0.003 
0.044 
0.002 
* Twenty-four subjects with attention problems ( 1 8  wIth and 6 without behavIOral and/or 
developmental disorder) were compared with the 68 control subjects without any known disorder. The 
best predictors were n ickel and zinc (Nagel kerke R Square 0.34 1 and 0.338 ,  respectively)· Constant = -
4 .442. 
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Table 9.7: Significa nt  Association between Heavy Meta ls and 
Del inquency * 
Coefficien t Change in Odds 95% c.1. for EXP(B) 
B Ratio Exp(B) P-value Lower U pper 
Cadmium (Cd) 7 .460 1 736.5 2 .382 1 266 1 1 1  0 .0 1 9  
Arsenic (As) 0 .227 1 .255 1 095 1 .43 8 0 .000 
Manganese (Mn) 0.957 2 .603 1 .547 4 .379 0.000 
Nickel (Ni) 0 . 1 73 1 . 1 89 1 .078 1 . 3 1 0  0.000 
Zmc (7n) 0.0003 1 .0003 1 .000 1 .00 I 0.004 
Cobalt (Co) 1 . 732 5 .652 1 .476 2 1 .646 0.004 
Copper (Cu) 0.002 1 .002 1 .00 1 1 .004 0.000 
Molybdenum (Mo) 0 .74 1 2 .098 1 .2 5 1  3 .5 1 8  0.003 
* Twent) -four subjects with delmquent behaviOr ( 1 6  wIth and 8 without DBD) were compared WIth the 
66 control subj ects without any known disorder. The best predictors were nickel and zinc (Nagelkerke 
R quare 0.386 and 0.380, respectively); Constant = - 4.802. 
Ta ble 9.8:  Sign ifican t  Association between Heavy Metals and  
Aggression * 
Coefficient B C hange in Odds 95% c. l .  for EXP( B) P-va lue Ratio Exp( B) Lower Upper 
Nickel (Ni) 0.0 1 5  1 . 1 1 5  1 .0 1 8  1 .22 1 0 .0 1 5  
Copper (Cu) 0 .002 1 .002 1 .000 1 .003 0.030 
Molybdenum (Mo) 0.593 1 .8 1 0  1 .030 3 . 1 83 0.038 
* E Ighteen subjects wIth aggressIve behaviOr ( 1 3  wIth and 5 wIthout DB D) were compared wIth the 69 
control subjects without any known disorder. The best predictor was nickel (Nagelkerke R Square 
0.322); Constant = - 1 ,45 1 .  
Ta ble 9.9: Sign ificant  Association between Heavy Metals and 
I n tern a l iz ing  syn d romes (anxious/depression, somatic and withdrawn) 
Coefficient B C hange i n  Odds 
95% C. I .  for EXP( B) 
P-value  Ratio Exp(B) Lower Upper 
Lead ( Pb) 0.039 1 .040 1 .003 1 .079 0.03 1 
Cadmium (Cd) 6.476 64.900 2.8 1 7  1 495 .000 0 .022 
Arsenic (As) 0 . 1 08 1 . 1 1 4  0.999 1 .24 1 0.043 
Manganese ( Mn) 0.533 1 . 704 1 .057 2.747 0.023 
Zinc (Zn) 0.0003 1 .0003 1 .000 1 .00 1 0.003 
Cobalt (Co) 1 .2 1 3  3 .364 1 .000 1 1 .309 0.033 
Copper (Cu) 0.002 1 .002 1 .000 1 .003 0 .007 
* Thirty-two subj ects wIth "tntemalIzatlOn" ( 1 9  wIth and 1 3  wIthout DBD) were compared wIth the 6 1  
control subjects without any known disorder. The best predictors were copper and zinc (Nagelkerke R 
Square 0 . 1 28 and 0 . 1 80, respectively); Constant = -3 .094 . 
54 
55 
Ta ble 9. 1 0: Sign ifica n t  Associa tion between Heavy M etals and  
External iz ing Synd romes (del inquent and aggressive behavior)* 
Coefficient B Change in Odds 
95% c. l .  for E X P( B) 
P-value Ratio Exp( B) Lower Upper 
Arsenic (As) 0. 1 27 1 . 1 36 1 .027 1 .256 0.009 
Manganese (Mn) 0.738 2 .09 1 1 . 338  3 .268 0.000 
Nicke l  (Ni) 0. 1 1 7 1 . 1 24 1 .040 1 .2 1 5  0.00 1 
Zinc (Zn) 0.0003 1 .0003 1 .000 1 .00 1 0.00 1 
Copper (Cu) 0 .002 1 .002 1 .00 1 1 .003 0.000 
Molybdenum ( Mo) 0.526 1 .692 1 . 1 06 2 .589 0 .0 1 1 
* Forty-two subjects wIth "extemal IzatlOn" (30 wIth and 1 2  wIthout DBD) were compared wIth the 62 
control subjects without any known disorder. The best predictors were copper and molybdenum 
(Nagelkerke R Square 0. 1 92 and 0.032, respectively); Constant = - 3 .02 1 .  
Table 9. 1 1 :  Heavy M etals a n d  CBCL Syn d romes:  S u m ma ry* 
N u m ber of S u bjects Heavy Metals 
With CBCL Control Sig n i fica nt  Best Nagelkerke w ithout  CBCL synd rome Syn d rome Association Pred ictor R Square 
Anxious and 9 7 1  Cd, Cu Cu 0. 1 34 depression 
Withdrawn 7 74 Cd, Mn, N i, Cd 0.352 Mo 
Somatization 9 67 Pb, Zn, Co Zn, Co 0 .239, 0.305 
Social problems 1 1  72 Mn, CU, Mo Cu 0. 1 07 
Thought problems 7 7 1  Cr Cr 0 . 1 24 
Attention 24 68 Pb, As, Mn, N i, Zn 0.34 1 , 0.338  problems Ni, Zn, Co, eu 
Cd, As, Mn, 
Delinquency 24 66 Ni, Zn, Co, N i, Zn 0.386, 0.380 
CU, Mo 
Aggression 1 8  69 Ni, CU, Mo N i  0. 1 02, 0.322 
Pb, Cd, As, 
Internal izing 32 6 1  Mo, Zn, Co, CU, Zn 0. 1 28, 0 . 1 80 
Cu 
External izing 42 62 
As, Mn, Ni, CU, M o  0. 1 92, 0.032 Zn, Cu, Mo 
* Subj ects with tbe CBCL syndrome were compared wIth the control subjects WIthOut any known DBD 
or CBCL syndrome. 
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Table 1 0 : Significan t  Association between PsychosociallMedicaJ 
Va riables a n d  Attention Problems * 
Coefficient Change i n  Odds 95% C.I .  for EXP(B) 
P-va lue 
References = no B Ratio Exp( B) Lower Upper 
Hours of watching TV & 0.4 1 0  1 .508 1 .059 2. 1 45 0.02 1 playing games 
Satisfied with school - 1 .099 0.333  0. 1 1 7 0.947 0.042 environment 
Adequacy of health services -0.992 0.37 1 0. 1 39 0.988 0 .048 
Financial problems 1 .299 3 .664 1 .252 1 0.722 0 .0 1 9  
Trauma or major l ife event 1 .435  4 .200 1 . 1 48 1 5 . 369 0 .03 1 
Low I Q  level (ref- average or 1 .204 3 .333  1 . 1 98 9.275 0 .022 above). 
Neonatal problems 2.0 1 5  7.500 2 .002 28. 1 00 0 .002 
History of deve)opmentaV l . 84 1 6.300 1 .742 22 .783 0.005 behavioral problems 
Pregnancy compl ications 1 .435 4.200 1 . 1 48 1 5 .369 0.03 1 
Birth compl ications 1 . 892 6.632 1 . 1 26 39.058 0.030 
'" Twenty-four subj ects WIth attention problems ( 1 8  WIth and 6 WIthout DB D) were compared WIth the 
68 control subj ects without any known disorder. 
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57 
6.0. DISCUSION 
This study inve tigated potential associations between toxic metals ( including lead) 
and developmental, learning and behavioral problems in children of Al Ain city .  
Twelve elements were measured in the blood of 1 46 children. The c l inical entities 
included developmental behavioral di sorders (ADHD, tics, Tourette, and fragi le X 
syndrome) and learning disabil ity (below average IQ level) .  Our results showed 
strong associations between the developmentallbehavioral disorders (DBD) and blood 
levels of cadmium, manganese, nickel, molybdenum, zinc, copper, lead and arsenic. 
A strong association between below average IQ level and copper was also 
demonstrated. 
Developmental and behavioral disorders are interrelated. Traits typical of one 
diagnosis are l ikely to be found in another. I n  our study population, �2 1 % of the 
children with learning disabi l ity had ADHD and �70% of them had IQ levels � 25th 
percentile. The existence of Child Behavior Check List (CBCL) syndromes among 
the children with learning disabi l ity ranged from 3% to 1 5%. Furthermore, �43% of 
the chi ldren with ADHD had learning disabi l ity and �60% of them had IQ levels � 
25th percentile; the existence of CBCL syndromes ranged from 7-46%. 
In one study, the most frequent diagnosis among a learning disabi l ity group was 
ADHD, occurring in �39% of the subjects (8 1 ). In  another study, learning disabi l ity 
was present in about 70% of  the chi ldren with ADHD (82). S imilarly, Dienes et al . 
2002, reported a range of 1 3 -33% of CBCL syndromes in ADHD children (83) .  
Swadi and Eapen reported significant psychiatric morbidities among UAE chi ldren 
with developmental d isabi l ities (84). In our study, there was a relatively lower 
incidence of ADHD in  the learning disabi l ity group (�2 1 %). One possible 
explanation i s  different criteria and tools used in diagnosing ADHD and learning 
disabi l ity. 
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6. 1 .  Blood concentrations of  the studied metals. 
Reference values for the trace metals vary markedly· especial ly  due to sampling, age 
diet, exposure differences and analytical techniques used (45, 72, 73, 85-89) (Table: 
1 I ). There i a need to update these ranges as our environment and analytical tools 
keep changing. One study reviewed fifteen elements in  7 different biological samples 
from 5 5  countries (87) .  The median value in whole blood for lead was 1 23 flg/L, 
cadmium 1 .0 flg/L, arsenic 5 flg/L mercury 9 .5 flg/L, manganese 1 3 .6 flg/L, zinc 
6400flgIL, copper 960 flg/L and molybdenum 1 .2 flg/L. The median values in serum, 
urine and hair for nickel were 0 .2,  1 .3 ,  and 1 .25 flglL, respectively. The reference 
alues for chromiwn in biological fluid and serum were 2 . 8  flg/kg and 0. 1 9  flg/L, 
respectively. The mean value for antinomy in l iver samples was 4 flg/kg (87). 
Recently for German children aged 6- 1 2  years, new reference values were establ ished 
for lead, cadmium and mercury; the mean values were 50-60 flg/L, 0 .5  flglL, and 1 .0-
l . 5 flglL. respectively (85) .  Another study from Canada observed the mean levels for 
lead, mercury and cadmium to be 1 3 .7  flg/L 0.3 1 flg/L and 0. 1 5  flg/L, respectively 
(89). As per the Agency for Toxic Substances and Disease Registry (ATSDR), 
normal arsenic level in unexposed individuals is about 1 .0 flg/L (86). In a study for 
Swedish adolescents, the mean blood level (in flg/L) of cobalt was 0 .32, copper 920, 
zinc 6 1 00 mercury 1 .2,  l ead 1 9, and cadmium 0.28 (73). In a study for United 
Kingdom adults the mean b lood level (in flg/L) of lead was 39.4, cadmium 0.37, 
mercury l .08, manganese 7.4, chromium 0. 1 9, lead 1 9, and cadmium 0.28 (88). In 
1 800 children of Republ ic  of Korea, the mean blood level ( flglL) of lead was 1 8  and 
mercury 2 .4 (72). 
I n  our study, the mean and median blood lead levels were 25 .9  flg/L (or ppb) and 
23 .9 flg/L. respectively. These values are about half to those reported from Germany 
and about similar to those from Sweden, UK and Korea (72, 85 ,  88), but 5-6 times 
lower than the reference value reported by Lyengar and Wolttlez (87) .  It is to be 
noted that lead levels of concern (as reported by the Center for Disease Control-CDC) 
are � 1 00 flg/L or � 1 0  flg/dL (45) .  Recent studies have observed associations 
between blood levels below the current CDC recommended levels of 1 00 flg/L and 
defici ts in cognition and behavior (90, 9 1 ) . Thus, it seems that, although the mean 
lead level in this study is below the CDC's recommended level of concern (45), such 
low levels may be sufficient to cause behavioral effects. 
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The levels of cobalt, antinomy, chromium and manganese in our study subjects 
are much lower than those reported by Lyengar and Woltt lez (87), while the 
molybdenum levels are similar (87) .  
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With respect to cadmium our mean value (0.3 1 1-lg!L) is slightly lower than those 
of Germany (85), 3 times lower than that reported by Lyengar and Wolttlez and 2 
time higher to those from Canada (87, 89), and similar to those reported from 
weden and UK (73 , 88) .  The mean arsenic level of 1 0 . 74 I-lg/L found in our samples 
is about 1 0  times higher than that of A TSDR and Germany (85,  86) and 2 times of 
that reported by Lyengar and Woltt1ez (87). Our mean zinc level 3 ,737 Ilg/L is about 
� of that previously reported (6,400 Ilg/L) and Sweden (6 1 00 Ilg/L); while the 
copper level is comparable to those reported by Lyengar and Wolttlez and from 
weden (73,  87) .  The mercury level is also comparable to that of German children, 
Swedish adolescents and UK adults, 4 times higher than those reported from Canada 
(89), but less than some of the other reported values (72, 73 ,  87, 88) .  While nickel in 
our study subjects are much higher than those reported by Lyengar and Wolttlez in the 
hair sample (87) .  
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Ta ble 1 1 :  Heavy Meta l Blood Concentrations ( in  IlglL) i n  Different  
Cou ntries 
UAE Reference V a l u es· ATSDR1 Ger m a n y  Sweden UK Korea C a n a d a  
(our study) (87) (86) (85) (73) (88) (72) (89) 
M edian Mean Median Median Rangel Mean Mean or Mean Mean Mean Median 
Pb 23.90 25.86 1 23 - 50 - 60 1 9.00 39.4 1 8 .00 1 3 .7 
Cd 0.27 0.3 J 1 .00 - 0.50 0.28 0.37 - 0. 1 5  
As 1 0. 1 0  1 0. 74 5 . 00 < 1 .00 - - - - -
Hg 1 . 1 0  1 .3 9  9 . 5 0  - 1 .0 - 1 . 50 1 .20 1 .08 2.40 0.3 1 
M n  1 .63 1 . 8 5  1 3 .60 - - - 7 . 4  - -
N i  7 .44 9. 1 8  - - - - - - -
Zn 3 4 00 3 7 3 1 6400 - - 6 1 00 - - -
Cr 1 . 52 2. 1 0  2.80 - - - 0. 1 9  - -
Co 0.66 0.65 - - - 0.32 - -
Cu 1 036 1 064 960 - - 920 - -
Mo 1 .28 1 . 59 1 . 20 - - - - - -
Sb 0.47 0.60 - - - - - - -
I . Literature data from 5 5  countnes were evaluated. 
2Agency for Iox.ic �ubstances and Qisease Registry (Center for Disease Control). 
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6.2a. DBD and blood metal levels 
6 1  
The results show associations (p-value .:s 0.008) between DBD and blood levels of 
eight (cadmium, manganese nickel molybdenum, zinc, copper, lead and arsenic) of 
the twelve metals studied . However, these associations do not establ ish a causative 
relationship. 
The relationship between environmental lead exposure and violent, aggressive and 
oppositional behaviors was first reported by Byers and Lord ( 1 943) (92). S ince then, 
se eral studies have observed an association between increased blood lead levels and 
juveni l e  delinquency (46 93). In one study, blood lead levels were found inversely 
related to development deficits in perceptual -performance and memory at 4 years of 
age (94). Also deficits in vocabulary, fme motor skil ls, reaction time, finger tapping 
and hand-eye coordination found in young adulthood to be associated with dentin lead 
levels  (95) .  However, it seems that physical development is not affected by lead and 
in this regard one study noted that b lood lead levels in industrial and urban living 
areas ( 37 . 5  Jlg/L and 35 .6  JlglL respectively) did not influence the physical 
development of 6-8 year old chi ldren (3 1 ) . 
National Health and utrition Examination Surveys (NHANES) in the US found 
that environmental lead exposure contributed to behavioral disturbances (including 
conduct disorders) of the chi ldren aged 8- 1 5  years (90) . Nigg et al . 2008, found that 
higher blood lead levels were associated with symptoms of hyperactivitylimpulsivity 
as wel l  as lower IQ (96). Kaiser et al . 2008, observed that children screened for lead 
poisoning were more l ikely to receive services for behavior problems, mental 
retardation, learning disabi l ities or speech-language impairment than other children 
attending the same schools (7). 
A study of 80 elementary schools found lead, arsenic, mercury, cadmium and 
aluminum levels to be significantly related to behavioral problems (5) .  Lars Jarup 
2003 , reported that the main threats to human health from heavy metals were due to 
exposure to lead, cadmium, mercury and arsenic (6). Hair cadmium in mentally 
retarded chi ldren has been shown to be higher than in normal children (97). 
Moreover, neurobehavioral patterns (e .g . ,  memory and switching attention) have been 
found to be affected by long-term exposure to arsenic (72). Low-level exposures to 
manganese have been reported to increase reaction time and impair digit-span 
performance; these symptoms are early signs of Parkinsonism (98). Furthermore, 
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elevated manganese has been found to be significantly associated with oppositional 
and hyperactivity scores (99 . In Chinese children, exposure to elevated manganese 
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in drinking water was noted to be associated (p-value < 0.0 1 )  with lower scores on 
tests of short-term memory, manual dexterity and visual-perceptual speed ( 1 00). 
Memory, attention and psychomotor deficits at 5 years of age have been found to be 
associated with elevated umbi l ical cord manganese Ie els ( 1 0 1 ) . More recently, 
inverse as ociation between water manganese levels and IQ level was noted in 1 0-
year-old children ( 1 02). In one study, hair zinc levels in autistic children were 
sign ificantly 10\ er than controls ( 1 03) .  Zinc and ascorbic acid supplementations were 
shown to lower blood levels of lead and copper in a smal l  percentage of psychiatric 
patients, particularly hyperactive children ( 1 04). 
6.2h. DBD and c l in ical  variab les 
In this  study, c l inical variables, such as fami ly psychosocial factors (stress), family 
medical history (developmental problems), personal medical history (neonatal and 
postnatal problems and seizure), IQ below average and CBCL syndromes (withdrawn, 
attention problems, aggression, delinquent behavior and externalizing) were found to 
be associated (p-value <0.05) with DBD while bours of watching TV and playing 
games were of border-l ine significance (p-value 0.052). The above findings are in 
keeping with the results other studies carried out in the DAE, where global 
developmental and l anguage delays and behavioral or psychiatric d isorders were 
found to be associated (p-value <0.05) with pregnancy and birth complications, 
fami ly  history of developmental and psychiatric problems, fami ly psychosocial stress, 
major traumatic l ife events, neonatal problems, presence of physical i llness and 
behavior problems (9, 1 7, 1 9, 24, 40). 
Li et al . 1 989, reported more behavioral problems and poorer social adjustments in 
ADHD and ADHD-learning disabi l ity groups in comparison with controls ( 1 0S). 
10lmson et al . 2007, reported that children who watch TV �3 hours per day are 
more l ikely to have learning disabi l ity, attention problem and adverse long-term 
educational outcome ( 1 06). Anselmi et al. 2004, reported higher behavioral problems 
in the presence of maternal psychiatric disorders ( 1 07). Steffen burg et al . 1 996, 
reported higher rates of psychiatric disorders (e.g . ,  autism) in children with seizure 
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and mental retardation with about one third of children with seizure having some 
degree of learning disabil ity ( 1 08) .  In another study, chi ldren with a newly 
recognized seizure had more abnormal ities on cognitive functioning and 
neuropsychological domains (language processing speed, executive/constructional 
ability,  verbal memory and learning) than children without seizures, p-value <0.05 
( 1 09) . 
Children with gestational age <29 weeks have been found to have more 
behavioral problems (e.g. , ADHD) and lower academic performance (e.g. , lower IQ 
and below grade level at school)  than the full-term group (p-value < 0.00 1 )  ( 1 1 0) .  
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Compared with children born at term, Reij neveld et al . 2006, reported more physical 
complaints, de elopmental problems and higher scores of internalizing, externalizing, 
withdrawn, thOUght aggressive, social, attention problems in 5 year-old chi ldren born 
<32 weeks of gestation or birth weight of < 1 500 g (p-value <0.05) ( 1 1 1 ) . 
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6.3. Learning di  abi l i ty and blood metal level and other variables. 
64 
Our re ults show associations (p- alue :s 0.02) between learning disabi l i ty and blood 
levels  of seven ( lead, cadmium, arsenic manganese, nickel ,  copper and molybdenum) 
of the twelve metals studied. 
I ncreased lead levels were found to be associated with impaired learning and 
ad er e behavior in children in Pakistan (30). Similarly, another study noted that 
chi ldren with higher blood lead levels performed more poorly on psychometric tests 
and had poorer educational attainments (3 1 ) . H igher dentin lead levels have been 
l inked to impaired academic progress (e.g. ,  fai lure to graduate from high school ,  low­
class standing, absenteeism and reading disabil ity) (95). In animal models, lead plus 
manganese has been shown to impair learning more than either metal alone ( 1 1 2). In  
one study, hair cadmium and lead levels in chi ldren were found to be correlated with 
and predictive of learning disabi l i ty or mental retardation. Mean level of molybdenum 
has been shown to be higher in menta l ly retarded group than in control group (6 1 ) . 
Hair samples from men with learning disabi lity have shown with e levated cadmium 
(p-value < 0.0 1 )  ( 1 1 3 ) .  Dyslexic chi ldren with normal IQ have been observed to have 
hair cadmium levels 25 times higher than the control group ( 1 1 4) .  This study noted 
that manganese and copper levels were also significantly higher; whi le zinc, mercury 
and other metals were not significantly  different than controls ( 1 1 4) .  High manganese 
levels  have been reported in learning-disabled chi ldren in previous study as wel l 
( 1 1 5) .  These resul ts are consistent with our data. 
Prenatal and postnatal problems, family history of learning disabi lity, 
psychosocial factors, gynecology-obstetric problems, neonatal hypoxia, prematurity 
and low-birth weight have been found to be associated with learning disabi lity (9, 8 1 ,  
1 1 6) .  Unl ike the findings from a previous study from UAE (9), our results did not 
show s ign ificant associations between learning disabil ity and consanguinity, poor 
parental education and low socioeconomic status. 
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6.4. A DH D  and blood meta l level and other variable . 
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Our results show associations (p- alue :s 0.02) between ADHD and blood levels of 
four ( lead, manganese, zinc and copper) of the twelve metals studied. In this regard, a 
positive association has been reported between Conners ADHD scores and blood 
lead levels '  whi le  mercury was not significant (72). Hair lead screening for first­
grade students has shown significant relationship wi.th negative teacher ratings and 
physic ians d iagnosis of ADHD ( 1 1 7) .  Also elevated levels of manganese and 
reduced levels of zinc have been associated with hyperactivity ( 1 1 5) .  In yet another 
study, ADHD chi ldren were found to be mildly deficient in zinc (p-value 0.02) ( 1 1 8) .  
One of the environmental variables associated with ADHD was "hours of 
watching TV and p laying games' (p-value 0.009). In a recent study, chi ldren with 
ADHD were found to have a greater involvement with TV and TV -related activities 
( 1 1 9) .  In another study, no difference was found between ADHD and control groups 
with respect to playing video games ( 1 20). ADHD chi ldren without any co-morbid 
condition have been noted to have lower IQ WISC-R scores and more school fai lure 
than normal controls  ( 1 2 1 ) . In  a longitudinal study, learning impairment was found to 
be significantly associated with socially withdrawn behavior ( in girls only) and 
hyperactivity ( in girls and boys) ( 1 22). 
Our results showed significant associations between ADHD and CBCL subscales 
(anxiety/depression, social problem, attention problem, del inquency, aggression, 
internalizing and external izing). Attention problem was the best predictor for ADHD 
(R Square, 0 .349) .  These results are consistent with several other reports that have 
conflTffied strong correlations between attention problems and diagnosis of ADHD as 
wel l  as e levated scores of al l  CBCL subscales in children with ADHD ( 1 23 ,  1 24); for 
example T-scores of anx iety/depression, social problem, thought problem, attention 
problem, aggression, internalizing and externalizing behaviors have been noted to be 
were significantly higher in ADHD children than controls ( 1 20). 
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6.5. Cognit ion (below average I Q  level) and blood metal levels and other 
va riable . 
Our results showed associations (p-value :s 0.02) between below average IQ and 
blood levels of four (manganese, nickel, cobalt and copper) of the twelve metals 
studied . It is to be noted that we did not find an association between lead levels and 
impaired cognitive ( IQ) scores. Our findings are in l ine with those Calderon et al . 
200 1 ( 34). However, previous studies have found possible associations between high 
lead levels and impaired cognitive (IQ) scores in chi ldren (30, 3 1 ,  3 2, 3 3) .  Moreover, 
there are also conflicting reports in the l iterature about the relationship between 
cogniti e status and heavy metal levels. In a study of chi ldren aged 1 1 - 1 3  years in 
Bangladesh, those with higher hair manganese and arsenic levels had lower IQ scores 
and poorer verbal learning and memory ( 1 25). Similar findings were reported in  
another study with regard to manganese and arsenic while cadmium was found to  be 
not associated with I Q  scores ( 1 26). Yet another study observed that arsenic 
concentration in the urine was inversely correlated (p-value < 0.05) with verbal IQ, 
concepts factor ( language), and knowledge factors (verbal comprehension and long­
term memory) (34) .  
Associations between below average IQ (95th percentile) and a number of 
cl inical variables such as trauma or major l ife event (p-value 0.024), eventful 
obstetric history (p-value 0 .026), neonatal problems (p-value 0.0 1 3), seizure (p-value 
0.009) and h istory of developmentallbehavior problems (p-value 0.048) were 
significant. Associations between below average I Q  (95th percentile) and a number 
of CBCL syndromes such as attention problem (p-value 0.034) and del inquent 
behavior  (p-value 0 .0 1 9) were also found. 
Other studies have also observed associations between psychosocial adversity and 
low I Q  level .  I n  this regard, Breslau et al .  2006, reported that 6-year-old chi ldren 
with IQ > 1 1 5 had less traumatic exposures ( 1 27). Consistent with our finding of an 
associ ation between seizures and low IQ, Byars et al . 2007, noted that newly 
recognized chi ldren with seizures had significantly (p-value <0.05) lower IQ scores 
( 1 09). Thompson and Duncan 2005, also showed a significant correlation (p-value 
<0.00 5 )  between severe cognitive decl ine and average annual frequencies of 
genera l ized tonic-donic seizures ( 1 28) .  
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6.6. CBCL syndrome and blood metal level and other variable . 
There were strong associations (p-value < 0.005) between withdrawn behavior and 
cadmium and molybdenum levels; somatization and zinc; attention and manganese 
nickel zinc and copper; delinquency and arsenic manganese, nickel ,  copper, 
molybdenum, cobalt and zinc; internal izing and copper and zinc ; external izing and 
manganese, copper, nickel and zinc. 
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Parent reports of CBCL syndromes among l l -year-old children have shown 
significant association between lead and somatic complaints, delinquent, aggressive, 
internal izing and external izing behavior while teacher reports have found additional 
associations with anxious/depression and attention (46). Another study noted that 
blood lead concentration was associated with externalizing and school problems at 7 
years of age (32) .  
H igh manganese levels in tooth enamels have been correlated with teachers' 
reports of behavioral dis-inhibition (e.g. ,  play with a forbidden toy), impulsive errors, 
and parent and teacher ratings of externalizing and attention problems in 1 st and 3rd 
grades ( 1 29). Similarly, significantly higher hair manganese levels have been found 
in violent individuals (p-value 0.000 1 )  ( 1 30). In l ine with our findings, blood lead 
exposures e en at low levels have been found to be associated with attention 
problems (34). 
In  a study correlating the levels of 2 1  elements in hair samples with chi ldhood 
behavior disorders lead was found to be associated with neurotic disorders (anxiety 
and depression); chromium and molybdenum were associated with neurotic and 
psychotic disorders; whi le  copper and manganese were not significant . Cobalt, on the 
other hand, was negatively associated with both disorders ( 1 3 1 ) . 
Another study found hair levels of mercury, lead, arsenic and cadmium to be 
significantly related to increased Walker Problem Behavior  Ident ification Checkl ist 
(WPBIC) subscale scores on acting out, withdrawal,  distractibi l i ty, disturbed peer 
relations and i mmaturity as wel l  as total scores (5).  WPBIC subscale and total scores 
were a lso observed to be associated with children' s  hair levels  of lead, manganese, 
copper, chromium, molybdenum and cadmium ( 1 32). In one study, the CulZn ratio 
for assaultive young males was found to be 1 .4 as compared to 1 .02 for controls (p­
value 0 .0 1 )  ( 1 33 ) .  
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In this study, increased hours of watching TV and playing games were found to be 
significantly associated with attention problem (p- alue 0.02 1 ), social problems (p­
value 0.025) and del inquency scores (p-value 0 .0 1 6). Similar results have been found 
in se eral other studies ( 1 20, 1 34,  1 3 5).  Ozmert et al . 2002, found negative 
correlation (p-value <0.05) between TV viewing time and social and school 
achievements' positive correlations were also observed between time spent in 
watching TV and social problems withdrawn, thought problem, attention problem, 
delinquent and aggressive behavior, external ization and total problem score ( 1 34) .  
Recently Bioulac et al .  2008, reported that a subgroup of ADHD children with an 
intense video game playing habit had higher CBCL scores (delinquent behavior, 
aggressive behavior and external izing problems) ( 1 20). 
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6.7. S u m mary 
Our results showed trang assoc iations between the de  elopmentallbehavioral 
disorders (DBD) and blood ie els of cadmium (p- value < 0.00 1 )  manganese (p-value 
< 0.00 1 ), nickel (p-value < 0.00 1 )  molybdenum (p-value < 0.00 1 )  zinc (p-value 
0.002), copper (p-value 0 .006), lead (p-value 0.008) and arsenic (p-value 0.008). A 
strong association between the below average IQ  (:S25th percenti le) level and copper 
was demonstrated (p-val ue < 0.00 1 ) . There were also strong associations (p-value < 
0.005) betv een most CBCL syndromes and blood levels of many metals; for example, 
attention and delinquency problems were associated with blood levels of manganese, 
nickel zinc and copper. DBD was also found to be associated with neonatal or 
postnatal problems, seizure and family psychosocial stress or developmental 
problems, while learning disabi l ity was found to be associated with neonatal or 
postnatal problems and family history of developmental problems. Furthermore, 
ADH D  was noted to be associated with hours of watching TV and playing games and 
IQ 95th percenti le was associated with maj or stressful events and eventful obstetric 
history. 
Synaptic transmission in the central and peripheral nervous systems is markedly 
affected by heavy metals, such as lead, mercury and cadmium .  Furthermore, cel lular 
levels  of  essential m inerals (e.g. ,  calcium, magnesium, l i thium, zinc and iron) and 
nutrients (e.g . ,  v itamins B-6 and B- 1 2) can be adversely affected by toxic metals. In  the 
brain, ce l lular calcium homeostasis is disrupted by heavy metals, which could 
significantly affect cognitive development and produce degenerative central nervous 
system diseases ( 1 3) .  
Evidence from animal and human studies points to  a potential adverse neurologic 
development from exposures to toxic metals, such as lead, cadmium arsenic and 
manganese. Learning and behavioral deficits are observed in rats prenatal ly exposed to 
arsenic whi le  exposure to manganese produces hyperactivity. In humans, uptake of heavy 
metals is associated with higher incidences of learning disabil ities, hyperactivity, 
substance abuse, violent crime, and other forms of anti-social behavior ( 1 5, 39, 44, 65, 
69, 1 1 2) .  
C l inical signs c losely resembling those seen in human lead encephalopathy can be 
noted i n  young lead-exposed rats at blood levels exceeding 500 ).lg/dL. Furthermore, 
lead p l us manganese impair learning more than either metal alone. Some authors 
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advocate for metal screening (cadmium) as part of the routine diagnosis of mental 
retardation in chi ldren (97). Our findings support a potential role of heavy metal 
exposure in impairing childhood development and behavior. Also, the associations 
noted with psychosocial adversity and prenatal insults during pregnancy, birth and the 
neonatal period seem to indicate that these factors may have an additive effect in the 
context of exposure to toxic metals. 
Chi ldren are extremely vulnerable subjects, especially during critical periods of 
de elopment of their vital organs such as brain, lungs, and kidneys. Therefore, every 
effort should be taken to l imit the potential environmental toxic exposures. Extra 
precautions should be given to children who display signs of 
developmentallbehavioral disorders (especial ly attention problems). 
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CONCL USION AND 
RECOMMENDA TIONS 
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7.0 CONCLUSION A N D  R ECOMENDATIONS: 
This study mainly describes the blood levels of 1 2  heavy metals (lead cadmium 
arsenic, mercury manganese, zinc, nickel, cobalt, copper, chromium, molybdenum 
and antinomy) in 1 46 school-age children in AI-Ain. Developmental and behavioral 
disorders were investigated and correlated with these heavy metal levels .  Significant 
a sociations were found between various developmental and behavioral disorders and 
some of  the heavy metals studied as wel l  as with other cl inical , environmental and 
p chosocial variables. Given the fact that recent studies have observed associations 
between blood lead levels below the current CDC recommendation (less than 1 00 
!lglL) and deficits in childhood cognition and behavior, survei l lance fol lowed by 
appropriate public health interventions should take priority in communities known to 
have high lead and other heavy metal exposure. Our findings could be consistent with 
the theory that " toxicity of heavy metals affects childhood development, learning and 
behavior' . However, further research is necessary to better define these 
relationships .  
For UAE and other countries in the region, our data provide basic information on 
some of  the important questions, such as chi ldren' s  exposure to heavy metals, 
reference  values for heavy metals of concern and interrelated risk factors for 
developmental and/or behavioral disorders. Thus the findings of this study offer 
important, previously unknown, information on UAE popUlation. 
Our results also highl ight the need for interventions to improve the qual ity of the 
environment with regard to toxic exposure and to minimize developmental and 
behaviora l  disorders . In this regard, it is important to note that the Department of 
Preventive Medicine, Al Ain, has initiated discussions to assist in solving challenges 
associated with lead poisoning and other environmental hazards. Furthermore, as a 
publ ic  health preventive measure, large amount of Kohol (imported from Pakistan) 
containi ng lead has been taken away from the marketplace in December 2007 by 
UAE-Kalba Municipal ity (53) .  
The findings of  this study further highl ight the need for exploring the potential 
interaction between mineral status of water and other potential environmental 
exposures through industries and mining in the different geographical areas of UAE. 
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ational strategies should be establ ished to prevent toxic  environmental exposures, 
such as metal-contaminated folk remedies cosmetics, toys crayons and mineral 
supplements, and to raise awareness about these hazards .  For chi ldren with 
de elopmental and beha iora! disorders, b lood tests of lead, cadmium, arsenic, 
manganese, nickeL zinc, copper and molybdenum could be considered as a part of related 
medical investigations. Arsenic, cobalt, copper and molybdenum are the metals of 
concern for future studies. Areas of high contan1inations should be identified and 
residents (adults and children) in these regions should be screened for potential 
exposures. 
Final ly, early identification of children with learning, behavioral or cognitive 
problems is essential as appropriate interventions, such as minimizing environmental and 
other contributing risk factors could halt progression of the developmental and behavioral 
disorders. The conclusion and recommendations are summarized as fol lows: 
A. Behavioral disorders are more l ikely associated with toxic-essential metals (e.g., 
Mn, Zn, Cu, Co and Mo), while developmental disorders are more l ikely associated 
with toxi c  non-essential metals (e.g. ,  Pb, Cd and As). Extensive TV watching and 
p laying video games are more l ikely to influence chi ldhood behaviors. 
B. C hi ldren with developmental or behavioral disorders require screening blood tests 
for lead, cadmium, arsenic, manganese, nickel, zinc, copper and molybdenum. 
Arsenic, cobalt, copper and molybdenum are metals of a special concern and 
require further studies. 
C. Our findings could guide environmental services for implementing protective 
programs.  
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arne of the child . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Age : . . . . . . . . . .  Date: . . . . . . . . . . . .  . 
School & class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Male Female 
arne of the person completing this form: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Below is  a l ist of different kinds of habits and tics that your chi ld  may have had 
during the last year. There are three alternative answers; Definite, probable, not at al l .  
Please mark the alternative you think best describes the condition. Over the past year 
has your child had? 
Definit  Probable Not 
e tics tics at a l l  
1 Recurrent movements of the face and 
head such as eye b l inking, grimacing, 
sticking out tongue, l ip l icking 
spitting (motor tics) 
2 Recurrent movements of the neck, 
shoulder, and trunk such as twisting 
around, nodding, shoulder shrugging, 
and bending over (motor tics) 
3 -Recurrent noises and sounds of different 
types such as coughing, throat c learing, 
grunting, gurgling, hissing or noises l ike 
animal sounds such as barking, whimpering, 
and whining (vocal tics) 
4 Recurrent noises and sounds of different 
types such as coughing, throat c learing, 
grunting, gurgl ing, hissing or noises l ike 
animal sounds such as barking, whimpering, 
and whining (vocal tics) 
5 Recurrent words and phrases such as curses, 
swearing, i nsulting or other bad language 
(vocal t ics) 
6 Other repetitive actions or habits 
7 How long did the chi ld ' s  tics last? 
8 Describe:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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